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I. INTRODUCTION 
A. Backrround 

As the design of high performance marins propellers and hydrofoils 
has become more exact, the desire to investigate all of the mechanisms 
of efficiency loss has naturally increased. One of the most evasive of 
these loss mechanisms is that of viscosity. It is obvious that viscosity, 
both melecular viscosity and the virtual or eddy viscosity arrising in 
turbulent flow, contribute to the drag of the foil by providing for trans- 
fer of energy from the foil to the medium in which it operates, thereby 
increasing the power required to move the foil through this medium, A 
little less obvious is the fact that due to the way we have chosen to 
treat the motion of the foil mathematically, viscosity causes a discrep- 
ancy between the pressure distribution as we calculate it and what is 
actually measured in experiment. 

In order to make the solution of the flow about a lifting form trace 
table, we choose not to solve the Navier Stokes Equations in all their 
glory, but rather by applying the unrealistic boundary condition of 100% 
slip at the boundary, we use Laplace's Fquation for solving the so-called 
potential flow and apply the Kutta Condition at the trailing edge of the 
form to prevent the solution from giving results which wa have observed 
do not occur, i.e. flow across the trailing edge. However, at the 
Reynolds Numbers around which these lifting surfaces operate, experiments 
indicate that there is a region around the foil where viscous effects 
are noticeable and in fact are of the same order of magnitude as the ine 


ertia forces. Thus, the existence of the boundary or shear layer around 
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the foil must be acknowledged if the artifice of potential theory is 
used to estimate flow behavior near the foil. The boundary layer is 
defined as the region quite near the surface of the foil whero the ve- 
locity varies from zero at the surface to some high fraction of tho ve- 
locity predicted by potential theory; in this thesis 0.992 has been 
chosen for this fraction. The flow then does not actually encounter the 
boundaries of the solid body as predicted by potential theory but 1t is 
assumed that it encounters boundaries which include the virtual thickness 
of the boundary layer, which allows no flow, i.e. displacement thickness. 
This change in the effective shape of the body then must change the lift 
since potential flow theory predicts a lift coefficient which is a funce 
tion of geometry only. The boundary layer generally grows unsymmetrically 
about the nose=tail line of the foil and therefore moves the center of 
the trailing edge ín tne direction of the thickest surface boundary lay- 
er. This effectively changes the angle of attack of the section which 
the flow encounters causing an additional change in lift. 

Limited experiments pursuing the determination of viscous effects 
on the lift of airfoil sections have been carried out by Pinkerton (1), 
Preston (2), Schneider (3), and Spence (Ll). In fact as far back as 1933, 
investigations were made into boundary layer development along two di- 
= mensional airfoils by Stuper (5). These experiments have been limited 
to foils of large thickness. However, for lack of better information, 
the results of these investigations have been used ín the prediction of 
viscous effects in the design of thin marine propeller end hydrofoíl 


sections, if viscous effects on the lift of these devices is considered 
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at all. Leopold (6), sugzests that the above procedure is fallacious 
and proposes that since the boundary layer development on the surface of 
a foil is strongly dependent on the pressure distribution Ὁ and chord- 
wise Reynolds Number, the effects of thickness and Reynolds Number must 
indeed be incorporated in any consideration of lift alteration due to 
viscosity. Leopold recormends that the boundary layer on the surface of 
the foil be calculated using an approach developed by Moses (7), which 
has been programmed to accept the surface velocities predicted by poten- 
tial theory, then the displacement thickness, $ - ive = ην ) dy 
around the section is incorporated in the linear er to predict the 
lift of the section in viscous flow. The concluding sections of Leopold's 
work recommend experimental work oriented toward establishing the valid- 
ity of this approach. í 
Be STATEMENT OF THE PROBLEM 

A proposed theory then exists for the determination of viscous 
lift correction which would be useful in the design of all foil sections 
but which is particularly applicable to foils used in Marine designs. 
However, no experimental work is available to uphold the theary. Errors 
may exist due to the difficulty in exactly stipulating the behavior of 
turbulent boundary layers in pressure gradients, and ít is by no means 
clear that the pressure distribution around a body in viscous flow can 
be exactly modeled by the pressure distribution resulting from calcu- 
lating the potential flow around the body "corrected" by 93, This method 
is, at best, an iterative approximation to the complicated Navier-Stokes 


Equations. The problem then, is first, to determine whether the measured 





boundary layer thíckness or more correctly, displacement thickness, when 
added to the dimensions of a foil, produces a shape whose potential flow 
Solution for pressure distribution conforms to the measurod pressure 
distribution. Second, since most algorithms for solving the turbulent 
boundary layer problem are accurate only far particular types of flow, 
i.e. (some breakdown in strong adverse pressure gradients, others in 
favorable gradients), the applicability of the boundary layer calcu- 
lation chosen by Leopold must be checked in this particular physical 
situation. Perhaps the most elusive factor is the effect of the loca- 
tion of laminar-turbulent transition on both surfaces. The position of 
transition is extremely difficult to predict and is dependent on such 
parameters as surface roughness, turoulence level of the oncoming flow, 
and perturbations caused by vibration, in addition to the parameters 
which wo feel we have reasonable ability to predict (dp/dx and Rex). 
The thickness of the boundary layer toward the trailing edge and its 
effect on the angle of attack of the adjusted form is highly dependent 
on the transition point on each surface as well as on the relative tran- 
sition points on the top and bottom surfaces. 
Co OBJECTIVES 

The objective of this thesis was to build and instrument a model 
of an extremely thin, low camber two dimensional section of a marine 
propeller or hydrofoil, measure the pressure distribution at reasonably 
high Reynolds Numbers and simultaneously measure the velocity dis- 
τοπ normal to the surface at points along the chord on both the 


pressure and suction sides, The dimensions of the foil were then to be 





πλ 


increased by the value of ç gotten from the experimental results. Now, 
with the offsets of this altered form, tho pressure distribution around 

it vas to be calculated, using tho most convenient and accurate potential 
theory type calculation. The computer program organízed by T. Brockett (8) 
was used for this purpose, rather than linear theory as recommended by 
Leopold (6). The pressure distribution obtained from this calculation 

was then to be compared with that which was experimentally determined. 

The boundary layer measurements were to be compared with results of the 


calculations due to Moses (7), as modified by Leopold (6). 
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II, PROCEDURE 

Ae | EXPTRIMENTAL APPARATUS 

The primary requirement of this experiment was to be able to meas- 
ure accurately, (1) the chord-wise pressure distribution and (2) the 
velocity distribution in the boundery layer. These items were to be 
obtained at as high a Reynolds Number as is experienced by the 0.7 radius 
section of a marine propeller. This Reynolds Number is approximately 
10”. The requirement for the test piece was that it be a reasonable 
model of a standard two dimensional foil section used in the design of 
propellers and hydrofoils. 
لا‎ TOIL DESIGN 

The foil chosen was a NACA 66 modified nose end tail airfoil. The 
thickness ratio was to be 0.0333. A 1.0 mean line with 2% camber with 
a chord length of 60 inches was planned. Strength calculations were 
made, based on uniform lift along a 7 foot span with simple supports, 
and the results appeared marginal. The span was originally chosen to 
fit the vertical dimension of the test section of the Wright Brother's 
Wind Tunnel. Since ít appeared that conventional foil construction 
methods would result in danger of structural failure at high Reynolds 
Numbers and high angles of attack as well as excess flexibility which 
might permit fluttering vibrations, it was decided to construct the 
foil of solid Honduras Mahogany reinforced — span-wise direction 
by steel tubes. For reasons of economy, the span was reduced to four 
feet. Even with this modest span, robust construction was still nec- 


essary. Static pressure taps were installed in the upper and lower 





— 


surfaces by drilling down to the span-wise tubes and filling the holes 
with Epoxy. After the surface of the Epoxy was finished flush with the 
surface of the foil, 0.035 inch holes were drilled into the Epoxy normal 
to the surface and down into the tubes. The leading and trailing edges 
were milled out of solid aluminun, and fitted into the wooden part of 
the foil with steel keys. 

The method of getting the pressure readings out of the wing as 
originally planned, appeared simple but, did not work out satisfactorily 
(Fig. 1). The center of each span-wise tube was plugzed; effectively 
cividing each one into two tubes. The pressure taps were drilled down 
offset from the center of the span so that the upper and lower taps 
entered the tubes on either side of the plugs. This arrangement would 
allow the suction side pressures to be taken from one side of the foil 
and the pressure side from the other, thereby obtaining twenty-six pres- 
sure readings with only thirteen tubes. Unfortunately renderinz the 
center plugs in the tubes air tight turned out to be impossible, and an 
alternate plan was used. 

Galvanized steel sheet end plates were bolted to the ends of the 
foil. The ends of the pressure take-off tubes were threaded snd used as 
fastenines for the end plates. The plates were used to cover the open- 
ings in the end walls of the test section which were required to allow 
the pressure tubes to swing in a 109 arc. They also served the purpose 
of housing bolts to hold the foíl ín position at various angles of 


attack (Fig. 2). 
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ANDES TORNA TEST SECTION 

The orginally planned seven foot span would have enabled the test 
section of the Wright Brothers Wind Tunnel to be used without signifi- 
cant alteration. However, when the four foot span section was built 
instead, an elaborate test section was necessitated. The foil was to 
be placed horizontally in the tunnel between end walls which would span 
the entire length and height of the tunnel test section, These walls 
were fabricated from sections of fibre board fastened to foundations 
bolted to the tunnel overhead. The center of the fabricated test section 
had circular arcs cut into it which would allow all of the protruding 
pressure tubes to swing freely when the angle of attack of the section 
was changed. The part of the end walls into which the foil was fitted 
was given additional bracing, and metel bearing plates were bolted to 
them to accept the pivotal tube of the airfoil. The overall dimensi.ons 
of the test section were 7ift. high by l6ft. long with lft. between the 
end walls. The walls were toed out at the trailing edge by 3/8in. on 
each side to compensate for the nozzle effect caused by the development 
of a boundary layer along the test section, The amount of toe-out was 
determined by a simple flat plate turbulent boundary layer calculation 
for 52 
3. MEASURING APPARATUS 

As mentioned in section 1, airtight plugging of the centers of the 
pressure tubes was not successful, therefore, the neoprene tubeing from 
both sides of these tubes was connected to "T" joints and single tubes 


from the "T"s were connected to thirteen of the openings of a twenty-four 





— 


tube inclined manometer bank, “op and bottom pressures were measured on 
separate runs. When not in use, the holes of either suction or pressure 
sides were covered with a single long strip of very fine transparent 
tape, 
The total pressure readings in the boundary layer on the surface 

of the foil were taken using a ten tube rake, built by the Aerodynamics 
Projects Laboratory (Fig. 3). The top tube of this rake was a static 
tube; the remaining nine tubes were total pressure tubes ranging in 
distance from the surface from 0.02in. to 1.0in. The tubes had eliptical 
openings to aid resolution. The dimensions of the tube openings were: 
major axis 0,03in., minor axis O,.Olin. The major axis was parallel to 
the surface. The tubes connecting the rake to the manometer are called 
by the brand name "Stripatube" and the ten tubes come in a single strip 
with overall dimensions 1/8" by 23" wide. The strip was led aft over 
the trailing edge down to a stanchion mounted on the tunnel floor, down 
the stanchion, along the tunnel floor and thence out of the test section 
to ten of the tubes on the inclined manometer bank (Fig. l)e The purpose 
of the stanchion was to reduce the angle at which the Stripatube fell 
away from the foil surface, thereby reducing drag on the tubing and hence 
eliminating the possibility of having the rake removed from the surface 
in the middle of a run. An additional total pressure rake was used in 
ns whore the boundary layer thickness exceeded 0.8 inches., It con- 
sisted of two total pressure tubes approximately 1.25 inches and 1.50 

inches above the surface. These tubes also had elliptical openings with 


the major axis parallel to the surface of the foil (Fig. 5). 
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A pitot-statio tube was mounted in the test section about five feet 
ahead of the foil. The tubes were led to an indirect reading manoneter 
at the control board of the wind tunnel. A tee joint was placed in the 
static pressure tubing fron the probe and a tube was led from it to the 
inclined manometer table so that the tunnel static pressure (Pstat oo) 
could be readily compared with the static pressures along the surface 
of the foil, which are also displayed on the inclined manometer bank. 

Surveying the boundary layer just aft of the trailing edge required 
the use of an additional rake. This one consisted of alternating groups 
of three total pressure tubes and one static tube (Fig. 6). Only twenty 
of the tubes were read. The entire rake was moved up and down, traversing 
the wake in intervals of 0.1 to 0.2 inches. The tubes from this rake 
were led to a vertical manometer in the tunnel control room. This rake 
was simply bolted to the floor of the tunnel just behind the foil and 
adjusted by hand between runs. 

An inclined manometer obtained from the Gas Turbine Laboratory was 
set up at an angle with the floor of 11.5°, giving an amplification factor 
of 4.0 to the readings (Fig. 7). The fluid used was Meriam Oil with a 
specific gravity of 0.627 at 60°F. The columns on the inclined manometer 
are numbered 1 thru 13 for the the thirteen static taps. "SW ig the 
tunnel static lead and numbers 1 thru 10 are the leads from the rake. 

The indirect reading manometer was of the inclined type with a vernier 
scale for adjusting the height of the inclined section (Fig. 8). It was 
filled with alcohol whose specific gravity was 0.806. The vertical 
manometer used for the wake survey also used alcohol of the same specific 


e 


gravity (Fig. 6). 





IR 


SET UP ۵۵۸‏ وبا 

The main difficulty rested in the design of ths foil section. Tha 
experiment would not be particularly meaningful if the section tested 
ware not a "thin" section. Also, large span was considered necessary to 
remove the possibility of end effects disturbing the boundary Layer at 
the center section. The combination of largo span and small cross 
sectional moment of inertia introduced a considerable strength problem. 
In addition, the small thickness introduced obvious construction dife 
ficulties. After conversing with several sheet metal fabricators, -the 
idea of building the foll in a manner similar to a conventional wing, 
using ribs and frames with sheet motal covering, was abandoned by the 
author, This was unfortunate, since excellent instrumentation of this 
type of model could have been obtained. The method of building the foil 
of chord-wise strips of mahogony fitted over stool tubes wes adopted, 
The installation of the pressure tubes seemed simple and foolproof. 
However, the finished surfaces of the Epoxy plugs were unsatisfactory 
in many instances due to the inclusion of small bubbles, and no amount 
of wet sanding seemed to help. Drilling the 0,035 holes throuch the plugs, 
regardless of how carefully done, heated some of the plugs enough to cause 
them to bulge slightly above the surfaco of the foil. Any small discon- 
tinuity in the surfece can obviously make static pressure measurements 
inaccurate. 

The foil itself, whan returned by the model maker had several dis- 
crepancies. The foil did not confarm to the template supplied by the 


author. It was in fact, drastically thinnor and had greater camber. 
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The exact dimensions of the foil were obtaíned by the author, using a 
clay impression. It had been planned to leave the center section of 
the three sections of the leading and trailing edges unattached to the 
foil except by the key. This was to enable the author to further in- 
strument the leading and trailing edges. Unfortunately the model maker 
misunderstood and returned the foil solidly together in all aspects, 
As a result, a rather crude job was done in getting pressure readings 
from tha leading and trailing edges. 
E, EXPERIMENTAL METHOD 

With the model set up in the tunnel at the desired angle of attack, 
the rake was attached to the surface of the foil using pieces of tape. 
The leading edges of the tape were blended to the foil surface using 
fine Scotch Tape. The rake was always positioned with the openings of 
its static tube on the same chord-wise line as a surface static tap 
(Fig.9 ). This facilitated comparison between the surface static pres- 
sure and the static pressure at the edge of the boundary layer. In 
regions of separated flow or where large streamline curvature existed, 
no significant correlation was expected. The total pressures and static 
pressures from the rake, the static pressures on the foil surface and 
the tunnel static pressure upstream of the wing were read on the inclined 
manometer. The tunnel velocity head was measured on the indirect reading 
Bieter. 

Twelve runs were made on each foil surface, coinciding with twelve 
of the thirteen surfaco taps. The rake could not be placed far enough 
back on the trailing edge to get a run for a position corresponding to 


number thirteen surface tap. 
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Each of the runs actually were made at slightly different Reynolds 
Numbers, since the tunnel velocity would not return to the same value 
after the tunnel was shut down for ropositioning the rake for the next 
run. 

However, the difference in the velocity head for tho various runs 
amounted to, at most, 0.06 inches of fluid of specific gravity 0.806, 
which is equivalent to 1.1 feet per second. This, obviously has little 
effect on Reynolds Number and therefore no loss in accuracy of the 
measurements of viscous phenomena is expected. 

The runs were to be made on both surfaces of the foil. And the 
original plan was to take measurements at five different angles of attack 
and at two Reynolds Numbers. This amounts to 20 runs. Since, the total 
pressure tubes on the boundary layer took close to thirty-five minutes 
to steady down, and since it was necessary to measure the heights of the 
rake tubes above the foil surface and carefully reposition the rake after 
each run, bringing the total "run time" to about forty-five minutes, it 
was not possible to make nearly the number of measurements originally 
planned. When it was necessary to leave the wind tunnel, the following 
information had been obtained: 

a3.) At zero angle of attack: 

l. Totel head profiles at 23 stations 
(11 on the suction side and 12 on the pressure side, 
at a Reynolds Number of 3.67 x 106) 

2. Total head profiles at 12 stations 
(6 on the suction side and 6 on pressure side, 


at a Reynolds Number of 5,15 x 106) 





3. Wake surveys of total and static pressures at both 
Reynolds Numbers 
lh. Static pressures at the surface of the foil for both 
Reynolds Numbers. 
5. Rough ideas of the location of transition from laminar 
to turbulent flow using lampblack traces. 
b.) At *2? angle of attack 
l. Same as number (1.) above 
2. Wake survey at a Reynolds Number of 3.67 x 106 
3. Static pressure at the surface for Reynolds Number 
of 3.67 x 10°. 
c.) At *59 and -l9 angle of attack 
l. Only total head profiles on the top surface of the 
foil at Reynolds Number of 3.67 x 106 at 12 stations 
At zero angle of attack, surface pressures on the foil were re- 
corded every time a total pressure profile was measured. This was nec- 
essary only to determine how positioning of the rake along the chord 
affected the chord-wise pressure distribution. It was found that, with 
the rake in position on the foil, the pressure distribution was slightly 
greater in magnitude and shifted along the chord toward the trailing edge. 
But the differences between the distributions were small and the slopes 
bere essentially the same, so no noticeable effects on the boundary layer 
development were expected. This practice was then discontinued since it 
was time consuming and did not produce any additional meaningful data, 


It should be noted that the effect of moving the rake along the foil was 
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extremely small and differences were noticed only betee iw conditions 
af the rake an or the rako off, regardless of panitione 

The surface zstatle pressure readings on the loscing and tratiiog 
edge sections were mossured using a variety of mall probas since only the 
top surface tap on the trailing adge was airtight. A sumil 4.035 31 
taba, with an 81 gago hole drilles into its surface was designed in such 
p way that 1 would have the pema curvaturo ac the leading edge, and lts 
orifice weld be im the sum φομ δές αφ the proposed surface ten, Th 
was placed on the leading odgo and Testena La the surface with tape. 
Stelore using it, the orobe vrae Maced o the s&me chord-wvice line و‎ 
several other of the statics taps and the rurdings ware gancared. ¿gres 
ment of the readings obtained using the Qwo dij]Terent asogrecog was rad. 
The mescured difforenees were of the order of 0.005 inches of "eriam 511, 
vith a total reading nf h.00 inches. 

aimilar tube wat used to sutein the ustetic seessures around the‏ م 
trailing edze. Pha only difference wae, Όλες τα probe vosd om ihe‏ 
trailing edis had a 90" angie bend close to the end so that readings‏ 
eauld be taken within 1.2 inches of the ireiling mige witheut having ®‏ 
plestio tube projecting beyond the fell. “bese readings did not seem‏ 
to te steady ond relishle sri sa 4 recult, wrre not exploited. This wae‏ 
μη ος δυο, since after piottim the resulting prescure coaffictonte,‏ 
the ones gobsined with this nrobe segmed te fair in aleealy with other‏ 
Gate. Yora Information shout the &reillinr eOge stotice presecres woald‏ 
have helped make è mory intelligent explenstion of the observed boundary‏ 
layer developeent in this regios.‏ 
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A brief review of the overall proreduro ls es Sollowst 
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Tert the system for Yeake, 

Position tha rake adjacant toa statio tay. 

[αρα the wind tunnel and obtain tae desired spegd, 

sad the inelined wenameter when sterdys. 

Read imiireet reading menonrter fer tammel velocltiy wouwtrom. 
That dawn tunnel, 

Measure und reward the rake tuba helghtis. 

Reposition the rake. 

Repeat this until top end buttos surfaces have beor pevretî 
at the required angie ef attack. 

Change the angle of attenk ami repeat itemy 1. threugh 9. Chweka 
wure made for lesks on the stotice tubes after chensing the angie 
of attack bananse the stotio orenaure lesda were often distarbead 
by the tubes winging through tho areor sat in the sad sulla. 
After obtaining ell the denired totel oresrsure surveys on le 
rarfaoe, rasore the rake and Stpiínstube support stenohtíon. ne 
tell vee sumas &rsnrrtuse 

Yeo? total amt stastie pressara in the wake on vertices] senator. 
Sepasitien rohe vertically. "scent reedinge util ressonotle 
Surerare of a region 2.0 inehkes abure and Below the foil ig سجر‎ 
tal nnd. 

bisin gurface stetic orwaesare resdines for bath eurfaeem at 
required anclee of ebteck susing the surfere tan end prober and 
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reading the reeslte on the inelined manouatear. Timas randinga 


wore taken without any tubes or other soprratus on the foil 





LAYTA ChWUTATION 





The previous section outlines te gerra! data Wilen wer blend 
by the sad of the experiment. The information on the foil at O,0? angle 
ef attack was most Important. At each of the stationa on both surfaces 
(tho stations coincide with the surface taps) thero la + series of ten 
os twelve tetal head mesaurements e$ various distances fron the surface 
of the foil, There were two giotio pressures svaileole ler obtaining 
the dynamic head in these profiles, “me of these was mead on the ten 
tube on the rake and the other meagured st the adjacent surface statis 
tap. After plotting the preacure ceefficterta along the chard otal aed 
from both the reke armi the statio tane, nnd noting that the difference 
betwenn the coeflioients wan dull, i6 was decided to sme the reading 
an the rake atetic tube for boundary layer saleuietiong. The foil hee 
such low curveture that 1t ia desbtful thet any soprectetle peessure drap 
seresn the boundary layer dp/dr « V7/P is to be expected exeent right on 
the leading edge, end an attest was made te ohtain total brad masará- 
ments very close Lo the nose of tha Teil. In commuting the dynacica 
hands In the howndery leyor then, a constant local b statio was sub 
tesocted fron the messurad tote) pressure: hübmerio) = bh total ~ aletet Imal), 

"o insure that the too mrebes of the boundary Laver rake were ime 
deed aut nf the layer, theo total bead exneured pt the togmost total heed 
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tube on the rake vas compared with the total nerd of the atream upetrenn 
Sf tbe foil section. This van accomplished by converting the dyonmio 
hend upstream of the fall (weusured on the vertical indirect reading mane 
emeter) to the pame sorle as the inclined mamweter. First the {eline 


ation mst be considered and then of course the ¢ifference in specifie 


geevities as follows: a 
Spp. Of fluid in ind. raed. mone 1 
tog. of Finid in incl. man. "in { ine) 


Yow with both upstrees dynamic head end local total head in the same 
messgarenent eyates, the upatreen stetic hagd read on the inelined man- 
ometer veo subtrected fram upstream dywenit head, I! te total pressure 
tubes in the top sestion of the wake are cot of the sheer loyor and in 
α region of easentieliv potential fla, then fron Sernoukli, ¥ total "C 
thus the two readings maint be the sama, in thie experiment the agree 
ment between ihe total pranmres was uguclly calte goed. Differences of 
a few hundredths of an inek na res! on the irelined nanometer were most 
frequently ancoontered, The weximum dleagreesent wes 9.15 Lunes on tho 
tnelined manometer, And ihia amanda Lo an error of about 008 percent 
in tha ratio of h dynamic (boundary layor) t6 h dymanie (potential), 

After ali ef the total pressure readings hed been corrected for sun 
owetar HETO, Albee, they were compared with the potentizl flew dynamic 
hesd am follows: 

h dymanie (Bele) hy tetal < Potat (loeal) 


h dynanio (Potential) — H < Pstat (leseni) 


(2) 


v/! was then computed by talking She equere root o? this raties 
| Bey total - Parar (losal) Š (3) 
گر‎ = | 


M ” Pata (10021) 
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After this ealeulation ts carried out Por οσοι total preseuro tuba 
reading nerozs the bountery lever, 1t ig pussihle to plot the non- 
disvenslonal boundery layer velocities against distance y. "nis wap 
accomplished for oll of the stations on the too and bottom surface of 
the feil st O.09 and *2,0? angle of attack. 

in order ta proceed further into the numeriesl snelvsis oT the 
boundary layer, » limit for vA sunt be defined which will te, for the 
purpose ef calaulation, the sutar sdra of thw houwndery lager. 0.992 has 
been ehosen, "his Figure la usually applied ts the iteinar boundary 
layer where & clesr boundary between the viseoas أنه‎ 1nviscid flee dees 
not exist. Cepending eh rouwghness, however, the torhaleni layer may 
have a reasonably distinct boundary, \Nmethelsss, the Figura 0,0929 Tor 
v/v wan weed es an cuter limit for both terbulent and lewiner layers 
for me other ranson than to stendavuiee the Limits of the grephlenl 
integration of the velocity profiles. 

Sinee the primsry purpose of 14e experiuent wes to determine the 
effect sf the haumiarr layer on the pressure Leading of the foll, a 
quamitny must be obtelved Oran tie veleetty dletribetion in the sheer 
layer whieh representa the dietance the potential Clow streselines are 
Glepleced in "moving around” ts lor velocity region zf the Goundery 
Reyer. It kas bees stateñ ssrilor that this quentity ie enlleá ® and 


is defined es ] (b) 
* (1 - v/v) dy. 


Wo call the boundary layer thickness, thu regios in whieh vA is lesa 
than 0.092, We then define * sa equal to the helcleh which when 
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subtracted from the actual height of the layer, results in a height 
whieh if multiplied by the free stream velocity cives the some flow 


per unit width aa the boundary Layer permitas. 


Y(s- 8)* ν dy (5) 
ap 
ao” = as |x ay (6) 
p. 
۷5۳ = | (? - v) dy (7) 
Giving: 3 
É = (a. e (h) 


To obtain $5 the velocity profiles were plotted to a large scale on 
sheets of millimeter cross section paper. The heieht scale was twenty 
times the actual height of the boundary layer and the scale for YA wse 
spread gut over a twenty inch abcisea. “he resulting profiles were then 
mechanically integrated using s» plenimster to obtein 5". 

The series of totel pesgsure hoada and static readings obtained in 
the wake survey were treated in à similar warmer, and a values for δ as 
obtained for the regions of the wake either side of s center line extending 
back from the center of the trailing edge prrelinl to the tunnel Ploor, 
The values of 5” along the chord of the foll add at the point in the wake, 
x/o * 1.023, were plotted versus eordeviso distance/comi length, 

The behavior of tha boundary layer st the trailing edge was not 
determined experimentally due to limitations in the measuring devices 
aná As not entirely known but Judging from the pressure gredient measured 


in that region, it must continue to crow rapidly to the trailing edge 


مداه 


ee = + نت‎ a A ld, Millan, «ἃ: τα ατα“. 
 — =“ "s ¿u cos σαν 
—— — وه ده‎ ee 








iu -— dos — — — 
| -i 

ITE a hr M — 9— 
στ. : — ccouc— 





m r h ۱ 
Ë = — — . ! 





ties hast — — — 
a-—— —— up e s UR. س‎ 0 -—— doe o! A la) ῳ 


iiie. 


and then fall as the flew armund the trelling edre canana the pressure 
to drop, The wake point indicates that some dlacontinulty exiete in 

the slope of the ° versus x/ohoré carve at the trailing eje. With this 
in mind the " curve was extrepolated beck to the trailing edge, end 
values for δ μετα ebtailued fren the plots at pointe en the abelese care 
responding to the required ordinates of the eumpater progres for the 
potential flow calculation, "ef, (*}, 

"he ecgtusl ahape o? tha fell was cotsined using w ون‎ an 
and the dimensions ware listed et the "required ardinete*, The cis- 
plaoenant thickness values were tien added Lo the Alsennions af the foil 
and sn intermediate fora determined, The Foil dimensions by definition, 
aye symmetrical ekout the nose teil line at the trailing edge, “he 
boundary layer however, La not, ond after edjasting the shape of the fall 
by “we howe e foil whieh La ungysmetricel about the original nese tall 
lines The ne center of the trailing eige waa then deterstoad and the 
new nose-tail line defined, The and oC the noseet5i!l Line new preses 
through a print whean reletive ο μας ο the original center of the 
leading edse íg civen Wy 

" top « " bottom - (8) 

۱ | 





The angle ef attack used te enter the momerios] conformal HORE Όρο 
gram aust be adjusted socordinaly. One adtitianal correction le ned 
essary. The none-tell line, snee mitted due to the uneyprmetrical 
trailing edge thickness, changes tha value οἵ the gráinstes once again, 
so all of the dimensions vuat be corrected by 

yo x tan d (9) 
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۲ » # efe * x/n , c, n/e 

yre x/e (13) 
Whether y la to bg added cr aubtracted Όρου the emdinaten depmands, 
of course, on which ardinates wa sre altering smé the slion of the 
engular chenge. The ordinstes of this thrice corrected fall and 
corrected ongle of attetk are then orterad as inputo Lo £ runerical 
confermal eepping progres, (Ref, 0), for the solution of flos «rel 
&rbitrory profiles. The output of this pescres is orimerily the chore 
wise preagure diatribution of the Teil in question, The results of 
this prorree vere to ba compared with the sreasurea distribution ortiained 
in the experiment, 
ὃν GAMULATION OF TE ا‎ CPP TC ees 

Roth the stetio peeagure al fier herd of the test section and the 

statie pressure sanged by the top tube on the boundary Layer rene and 
the gurface tena were meagurad on the inellned manametanr, "The compie 


k = «was then a matter of 





tetion of the preesore eanfTieieris ος" 





applying the osrrectiona te somponeaste fur the tilt of the uanoneter 
table nat in tke slane of inclination and subtract bh atstie at the head 
of he tumel from tw logel static hand wetpaured with the raka or the 
taps, The dynamic heed observed on the indirect reading münomüiter was 
again converted to the geme sesle sa the inelined mecoonsteor and the 
resulting quantity 
n 806 1 (1) 
h (Anelined) € ———— x hCindirmet) 
6.827 min Weg? 
h(inelined) *« 3.93 h(indireet) 





is divided inte the static mod JLO aronet e 
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2.93 kiindirent) 
The only slight difflienltry which arises, Ls when the pressure coef- 
fiotenta are caloulsted from the eescuresents taken on the rake static 
prove. Enoh mesqurement la nade st slightly different tunel spewed 
and so oneh caloulation invelves different dynanic and static oresaures. 
The pressure coeficiente fall into five cotegorient 
la.) Those determined fro surface ststic tan readings with 
πο epperatus on the fail, 
(he) Those determined fran the too prede on the boundary 
leyer rake with te reve on the foil, of course, 
(e.) Those determined trom sorfane statie tap readings with 
the rake on the foil. 
(de) Those determined) by tho potential flow calowlation around 
the real body, 
(es) Those detereined iy the potential flow ealeslation around 
the corrected foil, 
ALL five were plotted os n function af chordewiee distance/ chord 
length, to obtain an ides of the error caused by the presence ol tha 
rake, end to detoraine the agresewnt of the theory with experimente 


239. 


IIIe AKWITS 
A. RESULTS OP TEE BOUHDARY TAYTR EASES 

The results of the total pressure surveys mede along the chord ars 
shown in figures 10 and 11, The Haplacesent tiicknesa ta plotted es 
a function of distanes/chord length, The figures show the eff'wots of 
the pressure cr&dients along the hord on the develonuent ef the 
boundary layer. The sotual computed values of boundary layer thick- 
ness end dieplscenent thickens are tawlated in Tables YII amd IV. 

In addition the veleeity prefiies at sach chordewlee station are listed 
in Table V7, The plots of velocity distribution versus y/ sre shan 
in figures 1? through 17. The eriginel plote of v/V versus y vera done 
on huge sheete of paper end have not been ineludad im tile reports 

The displecement thickness in the were 1.35 inches in back of the 
trailing edge wes determined Ὧν à survey of wal total preszuren. The 
vake surveys are talimata? in Table V sod shown graphically in Sigures 
18 snd 19. 

The boundary layer surveys indicate an extremely renid thichaning 
of the boundery leyer in the presence ef adverse preasura cradlente 
torast the ireiline edge, This may ho seen quite clearly by stworving 
beth the measured pressure distribution in figures 20 end the curve of a 
versus x/c, figura 10. Although this is Cor a nominsl angle uf attack 
a 0.7 the location of the stagnation paint ie indicated in figure 26 
es being on the upper surface which belles an effective negative angle 
of attack. In figures 11 ang 2h, the correlation beixeen pressure 
distribution and boondary layer Geveloneent my also be noted, 
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Again referring to Figure 10, what copesro to be tranaítion merupa 
somouhore between x/c 9 0,5 and 364. "igure 19 displaying the veloetty 
digteibation a! verloue chordewise nointa shoug 212 n noticasble chance 
in the shape of the velocity profile between t^ese chopdbeise polatane 
& dístinet rice in surface pressure sey nico be obeorved in ÜJíoure 22, 
at thie point. Actually thia bererior doer not really flemiy indicate 
transition sud other possibliities for what mer be escuring here will 
be diseusoed later. Che mein point bo observo in the bogndary Lover 
growth et nominal zero ongie of attack is the fart thet the behevier of 
the buundary layer salon; with the pressure distribution curve show the 
{αλλ to be st some negative angle of attack, Natica that rspid boumbery 
layer growth camences ioesedketely on te Üorward portion of the bottom 
surfaca smi how retaried leminar Clow existe on the tor surface up until 
the aforementioned print of suspected tyenaition. “oviowsly the stage 
tation paint. ie om She vomer sur 'see o] tha wing amt the low pressure 
rerion exuaced Ὃν the corner Plow around the rose causes t^e boundary 
layer on the bottom $0 senserete iemodiately and reettach in torbolent 
regias. Un the top surfsce tie large regativs pressure sradient ot 
the lesding ege, 59 may be saon in Pilguare ?O, leninsrises tüe flow in 
the rezioms tie reterding tte srt, 

kt am anole of attack of 9.7" the Loo surfeee growth is quite repid 
end observing the velocity profiles ia figures 16 and 17, we see that 
mo distinct changes in shepe pece The pressure crRGiont on the top 
surfaco st 2% engle of attack La sdwerse all the way from a/e 9 2.10 
hones, the boundary loyer ert corresponding dleplacerent thickness ara 
quite lerse at the trailing edge 
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The wake surveys shown in Figures 15 und 19 show nothing of pertice 
ular note. They were teen only Lo opten a πιστα for dleplecement 
thickness «6 clove ts the trolling odre ss possible. “he meinte slotted 
on Figures 10 and 11, are zot a particular aid in predicting tralLing 
edge behavier since it has deen experimentally established ty “nestan 
and tweoting (ef. 12), thet ~ and "Ja matter « slope decontinud ty 
al the trailing edge. This can 5e sbservod (with imeqinetion) in this 
experiment if we osserve the pressure crediente and th trend of the 
bsupdary layer growth end extranalete to the trailing adee, then pro» 
ου fron thia paint to the wake nolint directly. This heo been done 
with dotted linase in the figures, 

WS. CUESTA GF TAT PRESSING COEXDPTPICTUNT AML E RY 

The pressure distribution carves hove been wontioned in the previous 
aeetion a9 an aid in vieualisiag what wos heppenine to the boundary layer. 
In this respect they acower ruagonable. The measured gradiente sos to 
agree with other measured cheracheriaticn of the sxperiment.  Sowrver, 
ae sey he seen upon comparing the measured presaure distrimtlen Vies, 
20, 23, smó 9h), with the potential flow distetbations obtsined from 
T. Brochketta computer program (ef, B), (Mips. 92 and TUO, szreonent 
here le poor. 

The pressure distribution on the umeltored fol) geetion a6 pre- 
dicted sy potential flew chews, for the nominsl δῦ angle δε attack, 2 
117% cumfiicient af 0.527623, 

The foil corrected for dlaplecement thickness end with the reaulting 


angle of attack chenge (effective ancle of attack « 1.9069°) sreitete « 
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111% corfficient of O,L1hf. “he eessorod prescuro dietritution when 
mechaniesily integrated resulte in e Ut توص‎ of 5.396. Thie 
would correspond to an ος of atteck οὗ ασ 1.16 degreos. At tais 
angie of attack the pressure distribution wes plotted aw ligere 20. 
The pointe were slau dieclered in figure 2h for cowneriaon. FORGED 
عوجوم‎ con be mean right up to within r/e * 0.792 Por the ioo sarface. 
Δ t^is point tie infliuenes sf te corner oe tse seuare trailing age 
causes the potentis! esicolastiom to predict very low pressures. "os 
no data was ovteined for this regios, vo eiequete Ccowoarison esn oe melde. 
Tha bottos surface date however, Siret with the yrediotes pressure dae 
trivetion only in seneral trend us te within s few oercent te the ۴ 
edge. “Se sagnitade te crewter by ۵ 

the results of the potential flow caloolet’ ape sound the body 
corrected by Gleplaceuent thickness aml with angle of stteck sS meted 
‘oy the orotan of the ratis of Sisplacenest tr emess difference te chord 
length at tbe trailing E, acrese wii ise potential theory for the 
mid sherd sree tot, st the lealire wire tie meni ancle ad attack changes 





suo wp amd at the trailing migs the ticinese effects become &pperent 
and the corrected foll pressures in the region of n/a = ο) to a/e = te? 
flatten cat and then fall raoidly st the traili: edece dao to the ecole 
erating flew. 


7% acpeore then thet there ere ihres rupees of i gagreene Firet, 





the presqure distribution ss prodistod by potential Leary does not agree 
well with the experimental data, — "econd, the orecsare disteitation 


Bound the corrected form dona net arren with tu experinentel data. 
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Third, the pressure disturibetion around tue correctad farm nat only 
dees not arreo witk the potential theory bat it predicta a cerrest! on 
whieh although fe the lorten) raeuit sf the input is tart fhe Spor te 
of the renault wh!eh is sourht, 

Figure 2% displays Us presnure distribution amused the Soll at a 
&eynolds Humber of S.S x 107.  Considorlen the scale of the plot, it 
HERS wall with the neasurecenis chbtxirned st Vue » 1.67 ۶ 195. There 
war sos slight change in the heumlarr layer Wheriur (Fie. IO} nt the 
معنا‎ Reynolds “wbers bek nothing whieh wield "esuse? síionifilcant dífe 
ference in the mressgure Sigtritetion excect pariera due to mavenent sf 
the trenaítton points, 


Pe ARSITA OF COASTER ΚΟΜΗ 





Table TS lista the eriginal divemaion of the Poll which was tested, 
ft is not s "ACA 66 with e 1,9 mean lins nor does 15 have the origi nal by 
desired thickness ratio of 2,07%, La thinner end ora sore comber, 
Table 37 also Lista tne disninoment thicknese at the remired ordinates 
of "af. S5 and, the carrmtion in the oífcets lor adjusted angle of attack 
and finally the completely corrected foil ólwensions fer 0,7 and 2,09 
angle of attack. Thesa form: were vend ss impiia to the comoater presrem 
end the resulte of theae cormustiona here been outlined in the crevicaz 
section, The potential Flor results for hots tie corrected and uncore 
renie folls we sen plotted tn Siguros 7? amd PS, ολ the Lese 
di 


the experimental foil wee tested. “he computer resalte were oohsined 


ment, un ata was meie La Find the sale of attack Sor which 





for & range of angle fron «2,69 to *2,0° ot email intervals, 4% angles 
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for which the Lift eoeflictiont due to theory gerreg with thet of experi 
wont, the resulting preusure Alskrdbution uns pletiad, dk 2% nominal 
angle of astisek, vengchsble agement wed soliton beissen cesmurelf and 
ralenleted pressure dia tribin Jor Use top surface ¿t 1.20% ot the 
bottom sorfeca was sansiderably off, 21 OQ0? neslual angle af attack, 
ihe nesgram cutsut &üTee) atbecshet widh tha too vurfeoe deta ot an 
angie of atteck of «4,309 , Und hore "ue Gaktos garface daia Alergrend 
ín ssznitude., Tn fact the erperioart seve all osrcotíewe gr&gaure Ge 
effielante where theory oredtctad goal) nesitive onem se suy be 200% 1 
عرص !موب‎ Figure 20 and 20. 

The resalto of tie eessoresents af the pressura dictrivetion with 
the rake on Ye surface le alten in Mgere 91, Οπσρορλαύκι of this 
graph with Sigare 20 οσα Mettle diüPerones in the Cistyíbutios 
obtained with the reke an and off the cin?aee. 

De CARNE PEACE "IAS 

Tue phatoscraia Sdeoictinz the noa o? garon bleak on £e foil ge 
face ars shown in fige Pe زا تسس‎ serbor tines apd cil Le ased te 
gradiet sereretion. “oawrer, nime the siralure of turbulent Tew ia 
quite different from thet af Yaniner, "im author felt thet aora insight 
wieght be galued inte the location of tremaition ea well ss separation, 
if wry, by using carbon black, (4 sero angle of aftteok ard Heyncldes 
Sumber = 31.7 x 10 the flow nf the cerbon black Shaw patter changed 
completely between shetiong T and È whieh nerrnemerd rauchly ta 


ma = 0.5 and 0.4, Un the Bottom σα the sam bevevior was oboerwed 
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betwcen stations I and h. "Laure FE shoes tha "eskgv of te carbon 
Wack at an incidence of 2,0 and Isıileame transition mear natin 
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four, “here la no raínforcamant pF Abi beMevlor in tse olet of 


for 2° as shown (n ligure il, 
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A uris? review of the exporlmentel results da in order at thie 
palste 

First, the loi?) is o'víonsly not at the angle of attack "aasuraá 
im the wind terme). ‘Some reach comparison wiih o data for same ۲ 
odá suyles of attack gotten Pros potential tery, oodieate Unt the 
fot may ke below tha wenger angles of atteck anywhere frau 0,1 te 
O.U degress, “he masaurad presgiro ¿etributiona far nominal vera und 
2.0% angles of attack produee 145% confíleiente el O.1h5 and 0.235 res 
epectively. UJmth af these Ploures sre well below those pregieteSd Us e 
onbentiel theory calevletionss 0.268 amd OU) Lar DP and DQUU see 
spectively. The values fros theory were gotslned by sechericallg inte 
grating the preoture díotritotion& autalned feos the ¡oras output. 
"he CY listed ty the program desends μος s given Ideal segle of attack 
ang Lift slope, “ince these values were nob avaliable suectip for the 
foil used in the exparioert, it as pcrssrty to check the DeGDYG 
vesulta 15 SAAS SEMI 

Teeondit, even when presuara diatrutilons vained fran the pros 
gram at angles af attack, which cave the sace Life au experimental data 
predicted wore conpsted with the data, te pressure Costritutione did 
not. agree perticularly well, "o n3dítion, altemrhe were sede Lo "ind 
angles sf stack fer lab sressure dintpritutians on one of tha sarfaeces 
agreed with theory, aml tren campere the pressure Sistritutlon on the 
other surface 25 well es toe lirt conffletent. Pas an angle of attack 
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ef 1.2 The top parfaoce date ayeo reasonably with ‘he ossputad prot- 
aye distribnotion wheress the coscaotael 6otton surfade preeearna arte 
mueb higher tian thewe far ὕπο aqerisont. The Led af ts outed 
preaásureg is however, esbpentiollv the saan but. tbe lift coafTicient is 
slightly nigbor. 

After umraceesefuliy attempting to came up with en angie af attack 
at which tha potential flow caieulotiens resold Uw experimental ras 
solta, it was decided te figura vhat experimental error wag sosponsihie 
for thw mlemetehing. The First ought wee Mist, partaps the sign of 
the static head an the inclimad manometer wey Hove been reed wreg but, 
dines for exemple, on the readings at sero angle of athens fer the 
bóttos, the stastic neossore wes ga ciosy to sero on Ce moneevter bará 
that s difference in sign would uet maka any difference (at wat Od, 
Howey if the pitetestatic tuke at the todd of the tance! wore tr 
error, sey, ten percent, then tie readiose eotsined wita it au & refe 
erence would be sericusly in errer. "nis ie true sine beth "etate 
&nà o» nre coótalmed Crm this Instrument, This can be illustrated by 
ne πα φώς that tokel wressure is shown eccorretely and thet the ststíe 
taps sre perfect, <2 & seweaure QqoelTieleni of Gel vere being maswured 
and 

h stat < h stat w 
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απο 
if am ls نسو‎ 12, we in thie experiment, then h aust 9 k δαν = Les", 
Then suposo the sitet static tube wae in erro be DH or l2". Gf h 
total ig Immun, snd 1% somslly is Ween quite accuretely, then p statan 
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changes vy 1.27, therefene for readings this close to the gero a change 
af 1.2* if in the right direction could double the pressure cosfiicient 
end change its slain. fn general, the affect of not unowing dynamic 
pressure exactly can change the scole of the pressure distribution scale 
as well as shifting the gxis mesos Th is oo fd h sieta thet we ere 
uncertain of ín this equation 

i w h stat 


Cn ve ο 
οἱ 3 





The statie pressure resdinga vnpe nol taken st the some Lime on 
both sorfeces which adda to the difficulty of gutting a finger on the 
problem, The botten surface readings were Laien toward the end of the 
experiment and the pitotestatio tope and ffs associates limes anê 
wmeremobters ey vell havs developed en arror beteenn the senxaumesesta of 
the two distributions. Hwevrer, the data "or the tap surfare st 22 
nominal angie ef stisek was cntalned ín between bottes هم و‎ δὲ οσα 
for zero and 2.0" angles of attack and both teu serfese soasuremnte 
appear to ba v"essonahis, 

If we rule out the possibility thet the static tube and egoibseent 
were in error there resrim only a few sore rezaona for Ihe dij]feulty 
ant theae have to do with the effects of the wella and ceiling and the 
possibility of a vertical dynamic head werietion. The 2itot tube was 
mounted in the upper sectlon of the tunnel about two feat fron the 
overhead. The height of the tunnel La acpraximetely 75 feat ond the 
foil was xounted shout I) feet Crom the floor. 

OXeuert (ef. 9), has obtained carreetiong to the ofertive angle 
of stteek of & two dimenesionsi foil in s elosed ¿eto This wee 
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secorpiisimd by replacing the floor an! πνοσύσφος try sir foll Lancers ond 
continuing until an infinite cascade was producad.s “he resulte are 28 
follows: / 


1 ? o? 
quer o mm (yt + ا‎ EY (12) 
# ۷۵ κ 
Ü - 2 
TN hu - (13) 
18 κ 


where n" (FD) le the moment about the quorter chord where C /n is tho 
ratio of chord lenoth to taneel height. Un this experiment it was 
equal to 0.447. 

Ey’ is the rousurad 110% in the tummalle 

Ey * RER Gy t ç 

A manal velues of engin of sthack af 0,0% end 2.00 the true 110 
sogfificient vas then 0,1112 swt 3.735 respectively. 

Cm! (1) ves estimated fren the measured pressure diatributiona c9 
2.0361 at sere desreas and 3.08 for 2.0". ith these veluce, the 
gorrattion to angle of atten’ bacomea: 


Q - 0,15? 
ta.) 


qd 2.319 , 
(9,09 ) 
Clearly, thess eerrectilons sre nob aufflelent bo sceaunt for the moer 
ath. 
if there oxiated = warklesl dmanie head verístion in the tunnel, 


dum to poor design of the contractin noorim, than Saving the pitot=etstic 





tube in the unper section of She test mntian would be disosteroos 2má 
p stato would, uf curse, be correet. lop the woser surface and in error 
im the lower section. Ft weg never, necessa yy to olan the pitat 
tbe in thet portion ef the tunnel to orewent ite wake ros inplirelag 
on the surface of the fell. The mexinan error snoountered, according 
to Fogle (Def. 10), la ? to 3% ol the dynesic hend am! tha region of 
error ig usually confined to s short Qis tamen feron the "loser st tha 
ENLAI è 

Te possibility of 2 pressure cre Lent existing lengthwise damn 
the tunnel section exista but precautions ware taven to remove this 
effect, The walle were taed oat. jecerding to "ef. (10), this erect 
ean also be caused uy the presence of the boy itself but is restricted 
hovever, 9 bodiss mæh ss Puselages amd nacelles and ie negligible for 
norel wings, by iaference then, the affert mab a even wore macligthle 
far sughb a thin gection sz the one testet in tbis experiment. 

à simple anleulation just to απ προς the conmbraction affect af 


‘he fail on the Jot entering the kest seet o 


Vy Ap e 
مس‎ d v 
Yo Ay 


where ¥, ie the velocity st the pitot tube and Ya ie the velocity, in 
ínemspressibie flow, in the vicinity of the fell. This region la 
modeled Wy x section of sese üCecrense!s by the cross seetlonel sores of 
the fall. So, 4, ig the tesi section aras £h the citot tube and 4g is 
the effective Slow sree in the ragion nf the fell. 
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Thus, the correction ts the pregeur anafficiente is two ordera of 
wagnitude leas thar fims mammarii ones ong memi not te ounsioerii, 

To κα the precesdira explensiion, there exiate an error in 
static ore vie readings of eaffielent sequituie thet only the wlageoug 
affecta o the gradientes of the mesanman may 06 discussed. he exe 
periment was eonslóersbly mare delicate ttn the sathor eoneeived and 
manh greeter cmtrol rá calivretian than as excerisad Le neceosoTry Lo 
wake an íntelligient cerraviion to thie discrepancy. 
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The date orialned fur the buuadery loyer preflleg is good and 
agrees with vhet ome would expert In the prscenea ef he menguras 
pressure gradienta. 

The profiles indioste that tho Zi la turkulent alone the surface 
ef tho foll except fer the hon surface of the section tested gé s nosinel 
engis ef attack of O09, Uere, £5 station l, the shape farter la 2,290 
whish corvesconds to s iaviner houonüers Vemy which la Vetyly stabile. 
Mation 1, o5 tha ton surface la, Sueurdinz to Tigure 20, in e región 


ef intense neceleration, The shape factor ^&s deerensed to sbont 1.87 
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“a we approach otetion 4, which seems to 5ndieste thet traneltion te 
turbulent flow hee occured, however, ἡ rona sharply between station © 
and 7 and ty station €, has bagan to rise repidly es lios neared the 
trailing edge. At station 12, H hee reached the value of 2.73. 8 
type of behavior is ahem im Sef, (11) by Von "verso lí eb Telmerin, in 
theip experimente with sir Tail sections. Tim trend of which I speak 
ts the high volue of H at tUe lending eire, derrecaing and then rising 
in turbalect flow, 

This information then mueves the certainty that what we see 
betusen station 7 end Û on the top murface la truly transition, Poole, 
Ref. 15, indicctas thet traraltion ean 6 noted by taxing nreaeure 
mesguremenits & short diatense Pros te surface and noting that a dip in 
the pressore envelope will indieste iurensltiíion. The raxo atatia tale 
provided this trpe of HESINE and there certeiniy ie e dip in the 
Cp eurve at this point, Honer, & shape Fnetor which is 0 
of a turkslent houndarve laser hos besu prasured Blend of this meint. 

“he erur of this discansion ef the imedery Leyer oroflies is thet. 
ὧν μου ας to be in sorueenent with theory sedi the velos 
for “ and è oen certainly ba used (1f the overall] procedure Ls correct? 
to adjust the age of the bay, 

TE also "ny be observed that the relative asetin of the transition 
point on the top and bottom surfeces of the Toll wilt emo a gistinet 
differance in the nature of tha mopaarenoe of the توا وی(‎ FAIRE 
tigo., Vern reagheanes effects aon be Impartent, Yo alten was wie 


to sbtimciate turbulesse on tae model and he surface of the feti weg 
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reasonably sesoth along ita forward portions so that the extensive 
length of the region of laminer bounmdory leyer یوب‎ an the forward 
section la not pertionlerliy survrivinge 

Yyaeinatinn of this deta leads ue to ie coreluslon that at nege 
ative »mgles ol attack, th mundury layer growth on the upper surface 
will be retarded, ant the lsrgor i ch would oecur at the bottom of 
the trailing «ero wsuld atfectiveels ineresse the anıla of attack, Tig- 
regarding 2— 
reverse is true Por positive anelas of atteoe where the mradients on 
the oper surfpes may be ohrongiy adverse. The positive angie of attack 
ales results in strong corner filme at the leading sige weich causes an 
intense low preasure region whieh οσα] well induce toroclenee &1Li slong 
the upper surfanae 

Voughness ef the foil surface, if ita "nydreulic" dlameter is 
suffleiantiy large, ses inflasnos the bgbevior of the turbulent Lever 
as well ss the transition point, 
C. DpICcUxsiow ON POTEETILL FUN CALCULATE VITH E CONNECTED wet 

Ag wentloned in section Y127, the plots of the ewserieantol Qata do 
not agren vith potential flor shout the unaltered hady, Let alone vith 
the fors corrected for ^". "herefere ít is oossible only te moke coal- 
stative resarke on the erita of the sropesed metkad Tor octsininmg Lift 
alterations cue to viscositr, 

in Figures ?l eng PR, we know thet the saegnitade of ολα σοι 
surface deta is different then the Seeratieal results, however, 1% 


Should be noted that there lo a hump hetwaen w/e 9 oli md „A in the 
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experinentsal presaure curve. Un Fígaro 22 we can one the sane hun 
andy in the cerrected fora curvos At the reer part of the foil ít 
in extremely 4¢fflieult to see wites of the potential theacy orega 
hee the seme slope and baberlor 55 the tratiíne sire ze tie data, 
Tne potentíal fisw regslts “or the uncorrected fol) section show 
higher value of clove at the trailing edre. This is te be expected 
enpecially when the pressure gredieote are strongly advırne, he هه‎ 
ary layer grows rapidly on tbe sorfres in question amd w^ec the reealt- 
ing E às added to the fell en οφ οσο FEMALES An exemple 
۱۷2۱ tIlustrete the peintg owing the system of corrections deviled in 
thia report. Hyen a tuo-dPimensione]! foil section st a tizh angle of 
attack but with no meparetilon: the hounmdary layer seagured on the 
top zurfsee will be culte large mwi the angle of attack will hg ef- 
feotively decreszed. The Wiicierinr of the after section of the Teil 
end the resulting Laereace in Plow ecceleretion ag well aa the ¿decrensed 
egle of attack ۸ contribute te reduce the strong انكرت ته‎ crediant, 
Thee, potential theory show this corrected form mua predict Lease 
adverse ¡resiente then the lee around Ye anehencad bety, Pox mg 
tive engles of attack, the lower surface wiil Save the adverse aracdi« 
ante sa the trailing odes te Toh e “an eonseouerttiw Ye 
greater there and the ο τοσο ασ of attack will be inocreez« md 
the combined effecta of add Ihleiumsr und sole of sttack will emsase 
a decresse in the adverse prescure ¿radio ο 

all of the plots o! ooiential theory solutione For the surrurted 


forma shew e ranid pressure loso nt x/e =< „39, This naa beon expsleined 


















mn es n s s ١ 
ΠΠ. - cos ——— — 9 c Él m 
—_—— -— - 4 —— 
κκ. + om ein or As aD 
“κ πα προ. 
< a وا ود‎ md 
— e — 
—— o — — | 
— isa. 
nn o - ος 
A ۲ ۱ ۷۰ —- em A to À 


«ie 


in & prewious section. Tt fa worth noting hern, however, that thie im 
the largest sinzie sherteenlag OF Ghe entire philosophy uf the theta. 
The fiow sp deseribed in bòis cowpater pre;rss seem = squers tad led 
projectile like Poil at am engle ef attack, uth the requiresmt for 

8 stagnation point in the canter of the tall, “he potential flow 
around this form certainly will not te the analogs of tbe &ctaol lio, 
Schneider (Nef. 3), pointed owt in iia experiment thet the displacement, 
thieckneas of the beundeary leyer and wake Joined reevenabiy enifarely ot 
the trailing edge se thet a better procedure would be to δα “hat 
the fall is extended a short tit by tha weve sre) the dead sir buble 
wnkeh Schnaider (3) observed ant thet it tapers to a sere thickwes. 
Tate could not ba attempted In this exmertoment without better coverage 
af the trailing edge region, simoe the anima of mera thiewress would 
be most logically ccosen whüep the stotile orerqure varietiíon gerens the 


weve bee fallen to sana HRI value, 
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Ta CWCI TOM 

The large disacreezent botanas the »mwoasurod and calculates cresmure 
distribution Leads to the felioeíns conciuelong: 

In order to obtain meaningful data ihe exporinent most bs performed 
in # auch better instrueented and controlled manmor, “he ste tenet 
made earlicr in the thesia to the effect that the «cai corrections 
were negligible should not be taken out af context. The calculated 
correction did not suitably adjust ey data, however, the magnitude of 
the wall corrections in sansitive bourcdery Lever, drag, amt Litt effect 
experiments have led to Lnereased werk with flexible humel welis snd 
esilings to eliminate the congtrainta slaced on streamline curvature by 
tho jet bounderien. In aection Y, 7 egicoleted t5is effecl, Th was 
10% of the total 1174 at omiy 90.0%. Pros € 1s, I conclude that wall ef= 
fecta sre substantial encogh to würrant peraming toe experiment with 
the overnecd and licor ef the tunnel ereed to the shape of the Poll, 

Thea method utsion T used Lo agolyr the * eerreetion to the foil is 
failectoug and should be replaced with coe that does not predial 0% 
viously excescive stresmline defeots tovoró the treiling edge, 

t noted thet along the foil nest in the traf Jing etrs region, 
tee results of the potential Plow around he correctas form show similar 
hampo ami hollewa an the experimental data, but the uncorrectaed farm 
often niases thes, There ore, i espeiude that in regions where the Hg. 
placesent thicknnse is not unrealistically irunnsteod aa it seno at the 
trailing edge, the streamline deflection is reasonably wall predleted 
by this theory, 
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the mary layer results She baharimp whieh would e expected 
under Sie Mure comditions emt is not cangidered a8 a mvaret of 
the disrrepener between theary and uxzeriment. 

“he Ansien of the foll penazaro penrirna devices wers g vor sa vell 
ae the ongle o? eiteak control sat ep, A god desi of thn uncertainty 
about the measured wreseured would heva Seen alimineted had ef fteient 
tapa been used ned more of them installed, Sot اج‎ enesing te ale 
af atieck, nade real numerics) comperisons imporgltle. 

in addition te thieknese, “emolds “Sueur eet canker, the boundcry 
layer distatiuhion an the surface of the foll end indirectiy the 1076 
are dependent on foll roughases sad free straan tarculenee, “or this 
pease 1% in felt thet bert موجه‎ world toe bad Lf tunmmel turoulence 
were reduce? y exploriag serseos snó atroilsbtnere ard ¿dare 
turbtulenes inception pesitives estetlighe caving trip wire. Traston 
end Sueeting (12), sue suo ef Yin rusulte af work with amd 2h theat 
turbulence stímilatorae on the singa they Lestes on? the regulis are 
quite gravis. 
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YI, πο μπι τς FERES TITY 

Tefore altenpting Lo cortina the irvertiestion of viscous ae'l'ecta 
using theo meme apperetus, certain GORE LÎ OME "must be sace. 

first, the sirfoii section shu la Reve the leading and trailing 
edges removed on! the key width denkiad te aveld any ware due to poor 
Aninta, hile they sre removed, sreosure tejo should be installed in 
thes. "ost importent is a tep in the center of the vartlen] heck side 
e? the trailing edge, The mose should tuwe sa meny tops ag posible, 
installed. “hen the center 11% in the fell should be aut down and 
routed out so thera is ه‎ ¢ Ane channel all aromi the wince Tana 
Should be inetetied in a Tlexible brass serip whieh will confor te 
the foil surfece, The girip would (it inte the center Lift. “ather 
than waeteing tine with the steel tubes in the Poll 211 the taos omald 
be Urought μα af two chenmele in the Talk weich oowld be refalred, 

The tence] should be adjusted sith some wolses piyweoo to hare 
no bourdery affecta om the fall beherier. "ee sigh eagles of attack, 
this wi11 be shaolutely mece e 

Ta ovtela n meaningful merat af data, ATtersst eenseurins devices 
must be need e the boundary Meyer gievid be investigated ualne a 
traversing probe whieh could he canirelied from outside the terpal sn 
moved both in aná cot of the boundary Lever, sm in s chordewier direce 
tien, Combucting maint end serging Tinte colê oe used to weintatn 
fine position santral, This irareroing mmohaniam ανα tuve 80040 
modation for bet stetie and totel presure tades ang riso het wire 


&noncoeeterg and n spheríioni tabe with wich to make detailled wrze surveys. 
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The time constant om thio system xvid te lou. IF punible, a trance 
ducer arrangement far the total pressure mguueys in condunetisn .1 7^ 
an x y niotter, HOLA he usede 

Toe statie teps on the fall showld sober no ieas then sinter emd 
they could be connected to a phutmetetie menoseter "nk. There ia mw 
availsele st UQT.7. With these woti iesti, dete which cam resily 
be anslysed would be obtained, 

πας ορ πως uravides the soportar to "111 tes birda wl th 
one Dana? ο It vero. The work io closely relstod with turtarlent 
boundary levers &od it provides an cavertunity to obtain «ove deta on 
teroulent layors, The ability to predict the tenerior of these layers 
depend? upon having data with whieh the ain friction or the integral 
of tho skin Üriction wer be Vonda cinese $t le ae iroot te the Mammen 
integral sompreasch, Thare ore, if oil beheove wa te obtain skin fric. 
tion tela sinultanerasig spo correlate 14 with some of the toandary 


layer peremctere. 
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TABLE III 
BOTTOM SURFACE 


ANGLE OF ATTACK = 0,0% REg ® 3.67 x 10° 


STATION x/c (inches) g”(inches) 
1 . 0.00757 0.162 0.01215 
2 0.117 0.231 0.0315 
3 0.1776 0.220 0.0330 
li 0.2198 0.300 0.061 
5 0.3280 0.361 0.0588 
6 0,1110 0.120 0.0711 
7 0.1990 0.590 0,0831 
8 0.5860 0.62) 0.0961 
9 0.6700 0.720 0.1086 
10 0.7500 0.758 0,1207 
11 0.8220 0.020 0.1390 
12 0.9110 1.122 0,1712 
WAKE 1.023 0.910 0.1780 





ANGLE OF ATTACK = 0.0° 


STATION 


1 


oO oo N QO VNR FE A, P 


= 
IREE 


χ/ο 


0.00757 


0.1170 
0.1776 
0.2198 
0.3280 
0,1110 
0.1990 
0.5860 
0.6700 
0.7500 
0.8220 
0.9110 
1.023 


TABLE III (cont) 


& (inches) 


0.031 


X 
0.065 
0.091 
0.190 
0.216 
W 
0.510 
0.568 
0.593 
0.660 
0,790 


Βξο * 3.67 x 106 
eo (inches) 


0.00894 


0.0096) 
0.0121 
0.0115 
0.0225 
0.035 
0.0678 
0.0781 
0.0956 
0.101 
0.1110 
0,1100 





TAME IIT (eont) 
TOP SURFACE 


AMOLE OF ATTACK = 0,0° NEST E 1 


STAT ION xfe (inches) "(teher } 
1 ORIST? 0.9032 0,005680 

8 0.2959 2,150 MOL 

6 9.1100 0,192 0,00 735 

8 0.58600 0,320 206170 

10 0,175000 0/98 0,2879 
12 9.0100 0.717 0,1290 
WAKE 1.02300 0,510 0.16910 


BOTTOM ΡΑΕ 


STATION x/e (inches } "(&nehes) 
1 0,0187 0,111 0,013176 

li 0,2590 90.259 2,025 

é 0,114500 (۵ O. 003 

8 0,860600 0,570 0.039350 
19 0.75000 o. Th6 a OSD 
12 0.91100 0,970 9.1606 
WARE 1.02300 0,950 0.15100 
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TAS EF (cent) 


ITEM SURFAER 


ANOTE DP AFPAOX = "3? ME. - 3.57 x X06 
STAT [OM x/e /Aneihem ) a amher) 
1 0,039757 
2 0.117109 O. 172 0.011356 
3 0,177460 0,170 (HARTE 
hi 0,259200 τον ΤΩ 2229 
x 0.308509 Qe MX) 2.05050 
5 0.151502 5 و‎ 
7 Q,b 290€ 0,500 55600 
à 0.88600 0,500 0.05360 
3 9.47009 Q 599 ολη 
19 0.78000 0.611 3.09215 
41 0.822002 Q, SS قن وعم‎ 
12 0.309 0.630 3.107820 
WAKE 1.02390 DATO 9.1200 
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TABLE V 
VELOCITY PROFILE IN THE WAKE 


ANGLE OF ATTACK = 0,00 RE, = 3.67 x 10° 
y h - hst v 
(inches ) 
1926 2.00 1.000 
111 2.81 1.00), 
1.03 2.80 1.000 
1.01 2.83 1.030 
«86 2.71 0.939 
.86 2.79 0.998 
.82 2.75 0.921 
.76 2.73 0.987 
. 6% 2.62 0.967 
.61 2.57 0.9581 . 
.53 2.10 0.926 
.51 2 بابا,‎ 0.933 
elih 2031 0.908 
«36 2.08 0.862 
.36 1.89 0.822 
32 1.93 0.8307 
.26 1.57 0.719 
ΠΒ 1.15 ۱ 0.6141 
:21 1.00 0.597 
ο 0.8) 0.531 
= .06 0.94 0.560 
= m 1.22 0.66), 
- 18 1.32 0.691 
= «λό 1.76 0.797 
- 6 2.02 0.851 
= οἰι9 2,16 0.883 
- 3 2.36 0.922 
- 3 2.118 0.917 
en .88 2, T 0.989 
e 96 2.72 0,992 
-. 06 27 1,000 
ο .113 2.78 1.00) 
νά .213 2.73 0.990 
- 7 2.77 1.000 


2.76 


0.998 





PANE V (cont) 


VEL HT FROSTIS IR TAR WAZE 


ANGLE OF ATTACK = 0,00 SE, * S. x 10f 
y h = het ν 
(inches) 

0.90 & 00 1.0900 
0,0) ° BË Oe 
9.76 5. ft, DIM: 
0,93 5.0 P PO 
0. kes Oe 
Dekh h.52 DARO 
Jokl 1.27 0.8390 
9,27 3.10 0.7190 
de 3.17 020000 
0.17 2, 0.6100 
«Ye O 2.12 0,5950 
I 2.35 De 
we 18 3 ont De F270 
=) 23 3.69 De 
23 3.57 3.7719 
«2.2 2.45 0,7580 
1.33 Let? 0.8300 
wold bs oft De 5639 
22 ἣν οὐδ 00 
«de 2073 0.20 
1,56 8. M 0,9130 
«lu GÀ 5.93 0,9070 
e. 68 Schr ο 00 
eT 5.53 De 
0.73 Re) d. 
ofS P 0,9550 
0,83 5.53 0,9550 
“0,95 6.92 de FIJO 
1.09 $,89 0,9900 
«1,0% 5 9S IE 
21.18 5.96 0,9970 
1.73 5.9 97 te FOS 
. 6.08 1.0000 
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TAME VY (oont) 
VEL πο. TR TE WAE 


ANGLE OF APTAOZ € "o9 ما‎ * 307 x 10^ 
y h = hat vA 
(inches) 

Acht Ro Le DE 
1,23 2.77 de! 1 
1. 2,68 0,9808 
1.03 2.73 0,9899 
1,02 2.73 0.89 
0.83 2.58 De 
Oo. Tl. ὃ Vid; 0,9360 
0.64 2.01 Oe 50 
9,58 2.08 0.9500 
0.2 1.9 0,8350 
De 1.975 90.0360 
Delta 1.72 0.7850 
0.33 Tei? De ۱ 
De 1.28 QGTTO 
ὃν Lede 0,6590 
2.16 He FE 2,5190 
0.06 2,93 0,6690 
9,0h 0,85 0.5060 
0,02 0.81 0,9620 
. 0,Š9 9,5890 
Du 1T 13} 0,6860 
wie 2h: 1.64 9.7720 
«Ων δῦ 1.66 0,7120 
ae? 2.12 de 
viui; 2.03 0.8710 
DLI 2,19 0,0870 
H. 2.490 3,9289 
De Th 2.67 0,9700 
ee 24h 0.7739 
1.36 2,75 0,9930 
» 2.19 1.0208 
lali 2.76 De 
1,26 2.79 1.0000 





TADLE VI 
SURFACE VELOCITY PROFILES 
ANGLE OF ATTACK * 0,09 REç = 3.67 x 10° 


TOP SURFACE 


STATION 1 STATION 3 STATION h STATION 5 
vA y vN y v/Ñ y vN y 
0.990 0.03 0.995 0.05 0.983 0.05 0.96] 0.05 
0.703 0.015 0,999 0.10 0.998 0.10 0.9915 0.10 
0.889 0.12 3.. 000 0.17 0.999 0.17 0.9995 0.17 
0.999 0.33 0.999 0.25 0.9985 0.25 0.9995 0.25 
1.000 0.37 0.999 0.11 0.999 0.11 0.9995 0. h11 
1.000 0.69 0.999 0.68 1.00 0.68 1.0000 0.68 
1.000 0.80 0.999 0.71 1.00 ο 1.0000 0.71 
1.000 0.90 0.999 0.87 1.00 0.87 1.0000 0.87 
1.000 1.00 0.999 0.91 1.00 0,91 1.0000 0.91 
STATION 6 STATION 7 STATION 8 STATTON 9 
v/N y v/N y MA! y ۷/۸ y 
0.8591 0.05 0.7157 0.05 0.5891 0,002 0.5616 0.02 
0.9612 0.10 0,0837 0.10 0.8105 0.16 0,8349 0.20 
0.9339 0,17 0.955 0.17 0.9072 0.26 0.915k 0.32 
0.9965 0.25 0.993 0.25 0.9839 ۵ 0 0,9803 0.15 
0.9965 ου] 0.9965 2021 0.9970 0.50 0.995 0.53 
0.9970 0.68 0.9970 0.68 0.9995 0.68 1.00 0.72 
0.9965 0.71 0.9970 60.71 0.9995 0.80 1.00 0.8% 
0.9975 0.87 0.9965 0,87 0.9985 0.89 1.00 0.9) 
3409 0.91 1.00 0.91 1.00 1.000 1.00 1.0% 
| 0.999 1.25 1.00 1.32 

0.9985 1.58 1.00 1.61 





TABLE VI (cont) 
SURFACE VELOCITY PROFILES 
ANOLE OF ATTACK = 0,0% REg = 3.67 x 10° 
TOP SURFACE 
STATION 10 


STATION 11 STATION 12 


v/V y N y N y 
0.5263 0.020 0.5301 0.02 0.1733 0.02 
0.7635 0.180 0.7810 0.20 0.7880 0.23 
0.8660 0.285 0.8712 0.30 0.90hh 0.38 
0.9155 0 0.9439 Ohh 0.9434 0.52 
0.9752 0.80 0.9721 0.52 0.9829 0.60 
1.0000 0.690 1.0000 0.72 0.9995 0.80 
1.0000 0.800 1.0000 0.73 0,9995 0.91 
1.0000 0.900 1.0000 0.9) 0.9990 1.02 
1.0000 1.010 1.0000 1.03 1.0000 1.10 
1.0000 1.310 1.0000 1.32 0.9985 1.3h 

BOTTOM SURFACE 
STATION 1 STATION 2 STATION 3 STATION h 

v/A y vN y v/N y vN y 
0.853 0.025 0.658 0.030 0.6750 0.03 0.618 0.02 
0,220 0.100 0.978 0.190 0.9150 0.13 0.869 0.15 
0.996 0.110 0.996 0.320 0.9975 0.2k} 0.983 0.26 
0.999 0.200 0.996 0.130 0.9975 0,38 0.998 0:10 
0.999 0.310 0.996 0.550 0.50 0.997 0.51 
0.999 0.670 0.998 0.720 1.0000 0.65 0.999 0.68 
0.999 0.800 0.998 0.825 1.0000 0.78 0.999 0.80 

0.890 0.997 0.930 1.0000 0.88 0.997 0.89 
0.000 1.000 1.000 1.020 1.0000 0.98 1.000 1.00 





TABLE VI (cont) 
SURFACE VELOCITY PROFILES 
ANGLE OP ATTACK = 0,0% REç = 3.67 x 106 


BOTTOM SURFACE 


STATION 5 STATION 6 STATION 7 STATION 8 

vA y vA y vN y vA y 
0.597 0.02 0.598 0.02 0.597 0.03 0.715 0.120 
0.838 0.16 0.7145 0.16 0.749 0.1 0.781 0.200 
0.955 0 0.913 0.27 0.86% 0.25 0.877 0,310 
0.998 OS 0.987 0.10 0.950 0.39 0.960 0.150 
0.999 0.51 0.998 0.51 0.992 0.50 0.978 0.525 
1.000 0.68 1.000 0.67 1.003 0.65 1.001 0.720 
1.000 0-81 1.000 0.80 1.003 0.78 1.001 0.850 
0.999 0.96 1.000 0.89 19007 0,89 1.000 0.910 
1.000 1.00 1.000 1.00 1.003 0.98 1.002 1.050 
=e 1.000 1.31 1.00) 1.31 1.000 1.100 
1.000 1.61 1.001 1.60 1.000 1.670 


STATION 9 


v/N 


0.710 
0.750 
0.811 
0.891 
0.919 
0.952 
0.999 
0.999 
1.000 
0.999 
0.999 


< 


0 ° e 9 
ΟΕ ΘΕ 


N O O N 2 —J O‏ سر تاجن 


PHPHOooooooo 


STATION 10 


v/N 


0.513 
0.696 
0.801 
0.880 
0.915 
0.983 
0.996 
0.995 
1.002 
0.999 
0.999 


y 


0.025 
0.130 
0.250 
0,1420 
0.1165 
0.670 
0.800 
0.880 
1.000 
1.350 
1.630 


STATION 11 


vN 


0.451 
0.679 
0.780 
0.882 
0.890 
0.968 
0.989 
0.996 
1.002 
1.907 
1.001 


E < 
v 


FPPrOSoooo9ooo 
VY V9 SO Co —J ON EZ" 9. h9 F2 


W Ox دہ‎ 0-3V1 0 Et» 


STATION 12 


v/N 


0.505 
0.509 
0.573 
0.698 
0.738 
0.816 
0.893 
0.930 
0.957 
0.998 
0.999 


4 


PRooooooooo 
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SURFACE VELOZITY VROPILES 


ANGLE Of ATTACK e *29 


STATIOR 1 

v y 
0.9160 040% 
0,9915 O21 
0,997h 0.05 
0.9975 — 0.25 
0,2970 elit? 
0.9960 <7 
Ü, 2060 Οδ 
0.9950 40 
1.0000 Q Sñ 

"SERT TONG 

N y 
0,6810 0,08 
0.8h22 0.15 
0,9090 0.19 
0.9580 0,27 
2.1965 — 040 
2.0000 0.5% 
1.0003 0.43% 
9,9995 0.32 
1.0009 ۵ 


THALY VI (cont? 





op SURFACE 

STATION 2 STATION 3 

vr y ۳۸ y 
3.5770 ۵ ۵ Q 6810 0.0 
0.7690 0. iv. 41570 0.10 
Q.9690 — 0,12 0905 0,15 
GPRS ۱ oth 0,9950 δι 
PE Gels 0,9990 — 0,50 
1,0000 20.955 0,9995 — 0.57 
0,9995 — 0,67 0,9995 — 0,69 
0,9995 — 0.79 1.0000 0.78 
10000 $4,857 0,06 

STATION 6 

vA y vA y 
0.6400 ام(‎ οσον 0.07 
0700 3 09330 0.15 
0,0370 0.17 Q 419 
0,8950 Gels 0.9690 — QS 
0.9750 039 49550 — 0.9 
0,9975 — 0.56 Ou 2.59 
0,9975 7 ον 0,47 
θ ο 0.9995 98 MO 
1.000; 6 $40000 OLDS 


"δι w 3, ^7 £ 195 


STAT Ion 
vA y 

2,518 ee 
0.579 DB 
0,909 0.16. 
0.968 0.25 
1.000 0.37 
0.998 MES 
0 FE DES 
2.997 009 
1.000 9,88 


avaTION d 


«N 


0,4380 
0,1259 
23.72960 
Ge BRO 
0,9300 
Q.9 190 
49980 
و(‎ 
1.0000 


y 


0,01 
0,11 
0.15 
Qed? 
Q 37 
9,56 
0,85 
Oeil? 
1.00 





ANOLE OP ATTACE = *p% 


STATION 9 
yA y 
0,927 9.03 
Q.T52 018 
0,890 0.23 
اب68‎ 1 
0:91 9.13 
0.956 ۵ 
0.996 — 0,73 
0,9328 o N 
1.090 1.9 
BTATION $ 
wiht ¥ 
9.453 0,72 
2.987 05 
M ὅλο 
0.996 οσο 
De 990 0.58 
0,998 ιδ 
0,939 0,90 
14000 — 1.00 


TABLE VI (eont) 
BERFACH VELIEITT ΡΕ 
BE, - 3.57 x 106 


TOP SURFACE 








STATION 10 ATATION 11 
«N y «Je y 
0.548 0.93 056579 0.03 0.023 3.13 
582 3.10 e TOTO 0.10 0.758 0.34 
0.7% 0.23 0,8760 2.42 O. 581, 0,53 
06,926 0.57 0.9779 0.72 3977 0,80 
0,973 Ge ۵,955 0,8? Ώ 931 ñ. 92 
0,993 Qe Po 0,7280 OR the 99b 1.00 
1.000 0,96 140900 1.01 9,995 1.10 
0.9979 1.36 D, 998 1. 66, 
2.25 2.39 
از(‎ A 3 EATEN bh E 
vA y yA y v y 
0.171 0.02 0,4389 0.0% MSIE 3.02 
9.3% 0.13 Q ο 90.413 2,9330 2.36 
098 0.28 0.9950 Mth 0,9998 0,29 
$0,995 Goh} ۵9950 0۵ 0,9950 ۵ 
9,51 0,9980 3,59 Αι OSL 
1.000 5.9 999806 Οδό 0,99 — 0,69 
QF 3 0,9965 ۵۰۵ ۳ PTS 3 
1,0000 8 0.9995 9 9.99% ۵۳ 51 
1.0900 0 1.0000 1.02 1.0000 1,01 





TAVIS VI (cont) 
BGRRACE WELOCTTY PROPTLIS 
ANSI DE ΑΟΚ  *90 


ا" م BOTTOM‏ 


STATIN 6 ΤΑΊ ΤΟΝ 7 SATION 8 
vA y وه‎ y vA y 
0.6210 9.02 0.9600 9,52 0.006 0,08 
009636 73 0,9260 0.2% 2,9180 
6,955 — 0,93 0۵,980 1 0.9010 0,10 
09965 Ohh 0.9935 0 0,995290 — 0.63 
0.97890 0,66 0,9900 0,69 0,9960 0.70 
0.9970 — 0.00 0,9980 0h 0.9970 5 
0,9990 8 0,9590 — 0,90 ۸,7۴ 0.93 
4.0000 1,00 1.0000 1,02 le 1.0 
SYAFTOS 10 STATION 12 
vA y w/e y “z y 
9.6629 5. 0.008 20.35 0,6010 0% 
0.1 LO 0.15 5.750 0.18 Ue RRO Dol 
0,9350 2.2 DRRR 02): 5,5030 0,22 
0,9171 0,35 690 ۵ ۳ 0,91h0 — 0,96 
0,9910 0,67 0,995 9,67 ο y29 ۵ رگم‎ 
0,9900 0.82 0,999 ۵ Q.9975 5 
0,9990 0,58 1,000 2,86 1.0090  Q,UÉ 
1,0000 1,09 1.000 1.09 1,900900 0,95 
1.9000 1,09 





BYATIOM Y 


aft 


0.6080 
0.1530 


y 


ο 
0.1% 
até 
—R 
0,50 


1,91 





۸:۸ YT 


TATION 1 


vit 


y 


0.030 
0.015 


ZIATION l9 


vA 


0.5820 
29 


# 


STATION N 


0.00% 
0,060 
9.120 
0.220 
OQ. 379 
0.700 
0,010 
0.990 


TASTE VT (cont) 


TY ΣΤΗΝ 





SPATIO © 


yA 


7 


0433 
Gell 
9,12 
0,31 
Gehi: 


£ 
RE, = Solis x 19" 


ΒΑ B 

v y 
THO 0.495659 
ο 0,130 
20,9130 0.160 
0,9260 0.96% 
O.997$ — 25 
0.9990 — O.&TO 
0.9990 ὀ δα 
049990 — 0,900 
i.0000 0,990 





Ouf 
QOO 
9 0 
Le 02 
1.11 





TAREE YI (ennt) 
SGRVACE VELOCITY PROF TLE 


ANGIE OP ATTACK = 0.09 RE. w Bohs x 10f 


ROTM SURFACE 





STATION Y STATION L STATION 6 Starr δ 

NH y v^ y vA y wht y 
0.90 03 0.617 Qu? 0,6620 — 9,01 Q 6959 0,08 
0.9769 2.10 0.70% 0,08 0.7560 9,10 O, TS 0.13 
0,990 Geil 908 Qe 15 2,8250 ns 15 de URO @, 19 
0,9955 0.20 0,99. 0.30 AT 9 0,9900 9.42 

0.33 0,999 0.52 049790 Q kb 0,9550 Keil 
0,9990 0,66 0,995 0,67 1.0000 0.67 Ον — 0,78 
9.9990 0.20 0,999 9.7% 0.9996 9.0 0,9985 Οὔ 
0,9990 0,88 0.929 0.87 0,9995 0.8 Q,99n 0.93 
1.0009 0,90 1.000 QT 1.0300 0,98 1.9000 1.02 

STATION 10 

vf? y 

0.5620 0 

0,6990 9,090 

0.7110 0,130 

0,7520 0.269 

0.2930 OLLI 

0.9820 — 0.650 

0.9925 0.759 

0.9960 9,870 

1.6000 0.950 

0,9980 1.190 

0.7970 — 1.9770 








TAME YIT 
POSASORE CUP PIC TEATS 
BOTTOM SURFACE ANOLE OF £TTACK s 0,0% 


STATIC 2EADIMQS FOR ΛΑΚΗ REX, - 3.67 x X^ 


STATION h mbat h stet y bai Go e 
1 +2.52 *1,h2 1,19 11,7h -0,92170 
2 #2 020 *1,38 2D, 02 و‎ wih, HAIG 
3 42.10 +1,35 3.15 11.16 e. O6 370 
k *1.95 «1.31 «Dub 11.76 1,0540 
5 +1.82 +1,25 «0.57 11,80 O 
6 +1,80 «1,28 0,52 11,72 «0. 0:30 
7 +1,55 *1.29 3,26 21,78 «Ο 22908 
8 +1,56 +1,25 «0,31 11.80 ~a RAÊ 
9 91,27 *1,17 “9.19 11.75 «eS 

00507 ,80 11,9 0.05 115+ 1,12+ 14 
,01971 0* 11,7% 0.2 #148 2.86 11 
100100 11.78 45.20 9,86+ دام (اس 12 


h stet end h stato in inches of oil spe. 2.27 on inclined manmuter, 
o * dynamic head read on indirect reading menozatar. 

ung. 2,8% converted to sane scale aw inclined monemeter, 

+ imiicates inches above dete on inclined sanonetor. 

e incirstes inches below datum on inclined sanorotor. 
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TARII VTI? ἴσον} 
Ῥμτώ DCORSEICIUNTS 
TOP SURFACE SSL OF ATTACK - Q,09 


STATIC WAPTHIS FOR FANE E, * 3.87 x 10° 


hatetiq, 9t 

STATION h otet h stato و :اه وج‎ qe “ 
1 +2.31 1.39 «1.01 11.18 ODA 

2 

3 *3,32 +1.30 2,02 ۱1۰78۵ 5 
h 73.47 +1,29 2.13 11.75 #02855 
5 23.60 3,31 «2.29 11.75۵ ۵ ۰۵ 
6 +3,69 «1.93 -2.37 15 0 1.20 ) 
7 +3530 «1.10 -2.90 12,76 rn 
B +35 +1.20 2,25 11,75 «01915 
9 +3.62 “1.18 p hl, 11.755 — 6 
10 43,10 +1,09 «2,31 11,70 ۵ ۸ 
11 «3.30 *1.10 -2,19 11.70 -0,179 
12 +2 7ء‎ +1 «1.66 11.75 «2.1512 





TANIN ۷۲۳۲ leont) 
Put CMP ICT ETS 
HOTTIES g ΑΡΤ De AMPA « DIU 


HEADERS PRIM BAKE STATIC PGS يما‎ = 3.67 x 10° 


heteha ot 
STATIM h stet h atat m halo GD A 
H 
2 "elis *1.05 «1,15 11,86 0.1223 
3 3.10 +3005 * 90 11.80 2,0762 
h 93025 "1.90 0.75 11,86 2,0033 
5 0.37 +۱ 7 0.6) 11,95 0,0532 
$ *0,50 go +a 11,86 2.022 
1 0.19 »3, 9f ir PEN 11.9% 9.0513 
8 +0,52 1359 ol? 11, R6 3.0337 
9 "2.45 +387 ον 19 11,85 0,0270 
19 1030 «2, 89 ο 11.85 Q ] 9195 
11 +1.2% +1,25 Ger. 11.95 S. 0622 
12 +1,25 e1,25 *1,95 11.95 0.1046 





| 








ΠΤΙ, 
i ۱ 3 


۱ ۶811 4! 6 
3533334333 


۱ 
lij nl 
RP un, 











TABLE VIT (cont) 
OA TO APA 


TOP SURFACE NIE OF ATTACK € 2,09 
PRADIEOS FROM THE RAER STATIC ane E, & 247 x 
hatim sE 

STATION n otat h state baena qu 
1 «5,35 *1.20 4.4.12 11,81 «0. 35h 
2 4679 + «2, 45 11,96 1.3962 
3 55.20 *0, 4f «3,62 11,71 -0,2995 
l um I, 3.51 LIRE DER 
5 +h. 19 «(70 «3,50 11 οὔ «2.2379 
6 +3,78 * 59 23,38 11,50 «de 2851 
T *3,71 ir 93,15 11,90 «1.2592 
8 +3,58 «0,52 et VOS 11.% «0.2599 
9 #3650 «Ὁ ες 2,85 11,85 «νο ος 
15 #3627 νονός - 2 11.76 «0.2225 
il +3,38 ے رده كان‎ 11.52 1,2920 
12 +2,73 +29 2.64 11.85 و(‎ 5 





! ὦ 
μ 
و‎ 


|31 1 
(۴ 


11 1 
12211113 


۱۶ 3 
HUU 


pS _ 























ranın ¥IT feont) 
MOR, PPT ὙΠ 
BOTE Tey ACR ۱5968 2۳ ۱۳۳۵۵۴ ۰ 


۳۳۵ 9 PA ο Το TAPA 


3 a 
wa, ° 35,5? wx 10" 


| لسرلا مرا‎ at, 
5787 h stat h stato سود‎ aa E 
1 12.26 «Duo +# 55 11,86 + 22610 
2 un 40.00 7,72 m.g «0,726050 
3 20,51 0.20 +a 39 Mets 0.03220 
k Oa و6‎ Pie TO 11.85 *OSO25 30 
5 ER «3,95 *0,22 11,85 5,015580 
5 aT «0.90 «0,12 311.8 010150 
7 0457 «0,80 «0.33 12,0 1م‎ 
8 +1 3 MOOR) Ze 11,96 0.025200 
3 
16 50,776 «0,90 0.38 11.85 «0.012670 
13 «0,79 «2,00 +3,31 11,55 *0,0092809 
12 +0,37 DO «0,163 11,96 *0,0.h 700 
134 0 9.37 91.05 1185 "0080709 
138 eet «0,33 el? 11,05 «Qe 2960 





م 
25133 41141912 
4 ۰ 1111 11 ]1 
3 3 13313231311 15 


¿A 

















ταις FTIT 


KAPUK CALLUURP TR ΓΩ Ανα τομ» Τμ 


MP ARPA? 


STRTION l 


z 
«IM; 
.305 
e272 
0238 
e 2C 
«170 
«116 


ur 
ES 


s OO 


8 


e cs ARO w 
3 


a «a 





Z τα 


4.0 ۵۵ 2 
O9 — 909 
3.8 «ΡΕ 
O? tO 
2.5 TO 


0,3 Fio 
UA oli PD 
Bel. 219 
1,0 Ώ 

f(9S)station 


APERA METOTO ONS 


ER 


bet HISE?) 





ΑΜ Gv ης w- 0,0? 


BY = 3. ^? * My 


Bet fr } Ἀπ 8) 
IIA 1 ITA 
۷ h e 2357 
HA «NTE 
«mao b 22569 
Cn 2 020 
0101 t; oO TEED 
2180 2 οἱ. 3600 
2379 h. ο 149 
219 2 .L9980 
81098 de ο) 

Q 1 2 
æ 125573 


e 9 9 (,1295 73 OM)» 0 454 

















oven 
06998 0 8 


"ye 4 














IE 





f 49! x 19 £ = EN LY 
JIVIVNS COL SA 33 


e ل‎ "NOIZISNYU.E 
ΑΝ ΗΛ. ۸۱۱۱۱ ۶5 مه‎ 











- 2 + 
5 am. to 4 
- a - - . e -- a - -- - - - - - - 4 3 
= A — — - a em x +} E 
E .- ho da. di ea a — 
5 = - — LT — — = = 
- =a - - - - - i 5 B — 
= DNE 1 - >2 . هم جام اسك‎ = — + 
- x š 4 دهده 4 — —— — — سم‎ . ms. + 
-- - - - -- ` 5 - 4 + - - - عام‎ 
- - -- - - 3 r ` š E -th~ ومع پمپ‎ 
Š . ۰ = - = - . ES 4 
j 
a — — ——— 
= E 4 z > = 3 = $ {---- = ok 5 - 
= * — قات‎ + = i 4 a. <a = E x a, I 
- * - - - $ . - + - - - 
. ` - ža - 5 9 e » 
= jw 5 s 1 , 
1 2 , 
E - a = — = E 
1 1 
= a - 4 eT 2 2 Js = E 


ıe lors dea! 
wor 7 a © oe 
5 E «131 mion و و‎ 


CO ανν” 3ο ἍΘΝΝ 
= om Zum — — 
‚au OND, 35, Ast ue 
Et = 1 : 2 ES = il. 








u». 
`+. 
2 
= سح‎ 
i 
-. 
1 

+ 


rds 
PEP lg pu 
T 


سس 


— — 
HHT 


t 


tos 

mo 

RE 

3 

GE 
be 
— — 
ورس‎ ττν] 


++ 

4 

— 

rau 
ppt te + L rr. 5 
Lia4-- — k a CSAS =p 
3 از‎ —— — = 
فد‎ ۸ — ñ M a e a 


si. 

+ ie 
μου σα πα 
| م‎ 630 1 ۱ to 


} 
er 
— 
s 


UA reml) 4 
far M T 
! سین‎ | 1 
qe area ud 
L1] 
π 
me 
a 
| 

























a EE dus pu 2 زا‎ HL | — Το απ ΠΗ ΠΗ DEO HH — à HER IH CAES H E: m E 
Pt a ΒΘ ی مرت‎ RE Sr Te a FHR EE E o ΗΝ a le SS — 
— سس‎ — =E — a HIP ar — E a oe E = 
ΠΠ — 

HH EOS zip a ES HH F asas H iUm ERE ie E 

a ΓΙ ο مر‎ E img ۱ N as 
ο ο τος "a p un ΕΕ epe cupro 5 







< 
Ht HZ Besa بل با لیم‎ TH T 
inn eee EE: icu 


eT pn c 5 و‎ ۶ 


E EEE 






















-Q 8 τ H FEE 

TT o 

- CE ss: E T γα d si Hn E s Hi FERN p E Ru brc 
παρε pM 
i s Wo EE E RHE ΗΕ E ا ا‎ ae a 
Bee up a n πμ ea ln ΠΕ ΕΕ ۳ 
Sl ο... .. Haris eerie cee res 
ie | : uer ee 
E rt p pp pus ۳ 
πο πια: o o 


ni Dre EE d ΠΗ το des 









EE up μη oue اب‎ > ie 
p p PEDES EHE Hus spe ΒΗ ΕΗ ge — 


HH ΗΠ HHFH E jE) 


— E ΠΤ ΠΕΠ: ΠΕΠ ΠῚ ΕΗ E HU 9E 


H it EE dH iyi 


لین )1 HH ΓΗ ΓΕ‏ - تب لیر 


a 
in ی ی ال‎ HER Hd | Hen phein pinn 



















Eum = cce pn EE HN OHS A Ta ἘΠΕ š: x ΕΗ — — 
o a EE | deu Eu a i HiHi — 








٠‏ 4 ماه وه 






* ' trae — -- = 
} 1 


























DE a oe ΠΗ͂Ι | 
s=: iur ERE [ue 

E pps Ë HY ο ο ΙΤ | 
| TREE "s pom BE ss EE. 
EET πο ΠΠ R 


—— 4 
c ii Papa 


[CETT E 




























































τ. E o 
Be و‎ o ae 
Se ao al ils à "Te Le EE gE 









πο pu EN o | See 
BEER aaa ape : eee ΕΠΕ ee 
oes. Ennan pug — E = 
SS ففف‎ 
Ty ἘΠΕ ED E H - E ES HE s ΠΗ ΕΕ 

Ho HR, ss 3 ی‎ CS OE Bth Bea p - — 


τ EE ra nE 
στι E HHE E HERVE hOg 













o . ی‎ Mies σον F 
E — — E [D H το. — = Sas 
EHI dE c c 3 tu 



















EB ΠΗΡΕ ΠΗ HE: τ 0 HERR pe t H — 
U ni s HT ΒΗ as 2c pru 8 HE ΕΗ E dg E 









TAB pe e 


ΤΕ Sw ا‎ HIS 



















HER نس سس نی‎ unm — سس‎ 
c ا‎ SEE Pupas 
e E Eii HE i 


















ce i τ τ n id EPEN Hi 
ΞΕ dq EE یل‎ ose oe 
Η FE sus SES asr ΠΗ +H 1 HEHH H HEH HH ΜΉ i Eripe EE τη πο σος 






































pg pgs ds DE 
ot | | I | i D 
E Hb H i 5 v Pis 
: m c m n x — 


do p um 


ΠΗ 
i 
ΠΗ 
c 


4 
un 
... 
HE 
E 
8 HE 
HERE 
EH 
E 



























Eu i 
Epl نی ایس ات و‎ EEE ue — E — 
ابیت‎ e ΤΗ ΠΕ 2 oe 47447 ETH a لم‎ Fr ΕΤΗ سل‎ AA AH مزب‎ 5 Busse Het 
| x ha 
H1 e اسلا‎ RA tt eH HH 
en 
rE A HTT HLT e EE 
ao هسك‎ E 
۳  . "۳ up E 
cuu HHupHIpR Hip Hoe up deco sp opo Ene ER سس ره‎ ERT 
EEEE تج سرت‎ dun EEO E 
zn ER iE u.c p وو‎ 1 
SEE H EE ERR Hr mque es 
nc a elo E 
"۰ EI νο. 
4 o ERES a eee ee EE 
ا‎ al E 
ur IE ۰ ۳ 
حدم‎ HET Es: HEHE ΓΗ ΤΗ] EER E rr St ane HH SERERE rh th r em 
بك‎ CHAP E S Eee EEE ee EE 
ooo 
ΕΗ Ἔα B us ΕΕ ne ΕΞ aL iuum 
I Er OLE ας 00 
demi ii mous ΠΗ ΠΗ͂ ی ی اس ای یی زا‎ RES HEN HEHE 
T ESSE d BH RE UE eT SEE er PS 
ا‎ ey AVE o rE 
B | | uU VV 
HERE s Pads r kan sasa a 








— — ---- -- میس مهم مب — — 


- != سے 1 - — - | 


* ------------- 














É ۱ - ۱ —— — SS ROR E πη οι. ες 
| — 2 01 2 ۱ o ποπ ο, BINS eh SO adis- εάν ο πο ο =E - 


A T 


r.‏ و 


— == 





Se ΓΙ ا ص‎ 


3HLONIMEA SDUONI SET - 
هراد 55 23۷0 ده وک بدد‎ IN10L 
1903 ۵۱۷ 0313۱00 99 ۷۷۷ | 5 
140 πος 5 2 Po 
a LOIS SPAN j= 
BABY | BING ASI 


| 
0 - 


1 


oa - 
— عد و‎ ... E 
rn — —— ج‎ lo 
- =. +» + 





اسه مهمه جه | — o‏ 
r '‏ 
س د — 
Dl‏ - — — 
—À—‏ | س — 

ل سس —- .| — 

a —— — — dm سبو لو‎ 

— — — — — 
= — 1 


z 
— 
تیه‎ 
= 


ei I. 
. 
— — 


daoa h لب‎ — 4— a 

—— —G qua A e y. 
m — -0 our de dm 

mm ------ - — 
Γππ]--τἰ----[τ--|-τε[τε- 

T d ES Nr. 
— r ze 
e: ' 


* 
سب ]شم‎ r 
— — ~~ 
—— Er 
EE eam 
—— — 


- 
Y 14 
= — — 
... 0 i + , 1 1 ' 
ape ` ۰ --πο- +- - - - - - —— EN 7 
: ; F ; ۳ ; n 1 0 
4 ` -ᾱ- - _ - - سے و ا - سم هھ‎ E e - 
— — E — z ΤῈΣ : = ES! š ee ode s 1 1 و‎ t 1 1 ct 1 35 1 T. ng S 1 
=. ----. -- هو هي‎ > - - - - * 99-6 ea 4 * "ry - +- ^ e- *—- 1 ؟-ه‎ » - — — — ^ - -- : e 4 + 2 s " n - . 1 - 9 . CIE 
2 3 ener . po سواه‎ .. - + t. v - - bos - -> -λ-φ-- omens — --2 --ᾱ — r — — =s - ἐ- ۱ 
422.0. ---- .- á .. + ` 2-4. mn -- - - wiwak B => +$ y- — + ---- AA στ 4 = Ri xg a — "i ΠΠ DESEE UE dtes πε 4 ` + 1 . Í M 
= ” ۱ ` , ٠ 5 . ' ' a Bras E ' ? ٩ ۱ L . 1 ' ۰ 1 ۰ 
- +. o9 + و‎ a- ey =p. - + - — * - mI .“--- . +- + ` .. - = - ^ a - - A οφ ` - : - ` — - πο νο.» — — 
. ' ' 5 . ' 
à و‎ & a p-a * oe . a. a oe » * x ۵ ۰ ^ e -+ = - ~e -a v e $0971 — - hs + bro — ^ - 1 r — η — — — — — — 
pa- artas e. cr. 410 - 5 ν-ως- شوم اه‎ --- - -- - - - ` 4 ! ++ 4 5 7 T -+ ^ — -p : m uE : ` — * — 
. t ... eos au ... ava مه‎ ne 1 a. "aa 3 - - -- * - - - - . > - ae pelo ۰ 1 ' T | |] مب مسلط‎ 
. ۱ بو‎ 2E ΜΕ r ' 1 
bhua 4 عه‎ dos ae q... وا وه - - - 5 وا وه‎ + - > a 5 - - ` -3- +j» -+ > PT “= هھ‎ ha ade re - 1: κ — i ميك - 7 لعو عم‎ 
` B ' aln T 
وو هه ووم ۰ ۰ موه‎ pr.. 4 < 4-a 4d ه‎ 5 ٠ * > = جع ف‎ , * 1 - u 5 i a "ur 2 : + ten 
+ 4 © - 4-4 - - - Ó + - - . . ew] eee — dx à < هت و‎ : i: Eri: ἤ : SE : — —— 
وداج و‎ + {owe .. * .. Φον. + - +. - ` .- . - - T ' ` لقم هاه‎ " - * à + z : tí ۳ .— -Hd-r — — 
+ = - r + : + ‘ - — Si ° - 
+ 4 - ο : - -- . 4-4 1 τ + 
۰ : v MN ; A PR ! 
- 2 - E -- : ۰ ۱ i : + Te ; 
+. - - - ~ 4 t + ¢ nu c EE 
E 1 ' 0 ' 
--- + هی‎ e- - 
30 t ' ۰ ' : + $ - 
— --ᾱ- - “ حج‎ 
- š: 4 PSr i , 
e m à 2 e : a P 
d ۱ ^ 1 . 1 1 $ ۱ 
— TIT i ! i ' 
4 bo ' . ' 
“un 
لصب‎ de - ` 
ممم هه‎ 
amd 
τ 
I í 
ΤΙ. 
, ' 
- 
1 : 1 
ie 1 . 1 ۱ 
: 2 ais —— 
ft f I 
“ US πα! 
A en — — 
ΤΊ 9 
4 + —— — — q ری‎ 
» , ! 0 1 Ë t 4 1 
; ç م‎ H 1 ' Š ἶ 
- 1 - — - _ - -r ےم د‎ M 
¬ : au 3 
, - dba 
4 1 . i re ۳1 زرح‎ 
| | | | E — 
ج‎ 
1 
— _ 
— : : 
. a 3 ` 


— 
۱ ۶ 
i 


جمد 
pta‏ 
— 


—— 
mn 


اسم e e‏ — سوه مت سس 

— — — — — 
—— j 
— — 2 


— 


y 





: 
إا سال اسح 


— — — — 


ae‏ — موه ری — — — — یت و 
4 








- e mm — ع‎ 
E ۰ πα 1 
— ~ 
. 1 r $ 
gm 
a ' ۰ 
— — — 
— o — f -l —- 
°. ' 1 
Ep — 
| | : 
-- و نو‎ 
` 
— wt — 
۰ 0 ۱ ۰ 
— 
— * — 
— — 4 — 
= 1 — — — * 
— 
b 1 
۷ 
1 ۰ 
^ bral , ` 
' "t 
1 


` 
— 

لهند 

T 


' 
- 


ΗΝ 
4 : ۱ -1- +۸4 
5 de e m 
BEI he j- +-1- = } 
: =i EEE Ew 
m rtt + 
L4 
1 Hn 
= 3 
= a E 


t 


d 


u 
E 


TIT 


HP e 


= e - - = - 
a J 0 1 ; 4 1 1 1 ι 
eae as. o . š E en » e جذ‎ 4 a * ee : + ac —— bai * 4- = 
ιο 1 4 ` Fa ' - ` 
a - sae - ۰ . - .. = 9.4 -+ epee + * ع واه‎ 5 aa 4 x: zu = — TS + + ed. — E ۹ —— — IEE: ΠΕ | , M BLUNT و‎ ۳ ἢ Ë Ë L 4 2 i» * 7 - 
2 , i 1 i 5 “a 1 . ' J ; ' 1 , Í ; 
- - o a - - + -- + ac” -p ve - + + هس‎ + - + - L ^d -$ 4t ψ . - ۰ ---- ᾖ- - qe” 4 > Ep a EE d : A — po - 1 = a} e L o ا‎ M ^ j 
. a, - - - . - -- - - - - ` 4 * e 4 +. a. +1.5 و‎ E κ. 4 κ. s "< E 4 : : ει : 28 1 ii 1 t i 3-7 : POS i ; EL 
; : t + 
-- - -a o - . - +- 4 E 4-4 + , „+ In =... +. ++ ۵ + s و مه‎ - + - a . -b via -a q 0 4 4 م4‎ " Ld as - — — 4 = i4 - مه‎ 5 4 Loe + ۰ 
: i 2 4 d : ç ια 
* ee “πα م‎ κ. ° x * 5 + + < + -+ * هھ تو‎ ٠ p-f -- φ---- -$-« ۰-۵ ۵ ». nu -—-— —⸗ ata — O ی‎ š - 5 k «ἃ = i : — E چ1‎ il عو جه‎ —+1- a$ 
-. - 9 2 ` + 5 = چ‎ ۳ se Lh و‎ 1 id ۲۷ 1 7 ' B o EE وا‎ td A MTM + 25M BA \ thet 
. . “ tr- - ع + -.4-*- - - || 4 وم‎ - 114 — ου: 4 E 9 os 1 0 E 4 | ' ' : 2 ! μπα, , : [. " ' i V f ۰ 1 1 t š 
! t 1 ' ° ' ۰ I 1 ' . š i k i 1 
SM 5 3 δω = Em " ۴ 4 1 ات‎ ST — 0 d-— + “ Ls ۰ - 4 = -- k pele - - هه واه و‎ + #$-¿-— ¿ : + à ; . | س‎ - 3 - - - 
ἃ : ' 1 , ' |o . ' i 2 ۰ i s οκ ἡ: y i ` ۰ μα 
` `. .----':» --- — $ . ital s Sne a 4 Ai gees 2 i SUEDE . κ , m h nt Be =m i ۰ 1 i + ۱ > E ۰ ۳ mn c aasan , 
e - s 5 ^ * 4 = -e e Aa A 44 23 em = x i EE 1 bt t ری‎ $ or n 1 t 4 ۰ 7 7 ۰ ۾‎ I ' iF t d t m La 
I x . I ' 
° ve ۰ 4 - - - - - - - E * > a 8 و‎ > == E 4 8 D el — š 4 is [I ۱ s t Lu `à 2 
` . - . + . ۰ is + .. - |- de $- à u an sy Ç + Pal 4, 4 pat s Í Sura Fa [7$ ا اسه‎ r 3 P. 1 
f أ‎ ` 1 1 
1 
— * 4 `. - + T ` : , 


iid 


همده 


ή ' 
ae + 1۲ 
4 ۰ ۰ n 
4 p.. .. -- -.. + -> -- - + 
4 - + ضخ‎ - . *-+ » ^ - * . a - .. + 
— 2+3 ” » - - - 5 ۳ ^ E Sd او و‎ aa : š - be 
- uno + - - Ó“. w. - . . Á * 
` T 
=. 6. س‎ 9 .. ode =. م وس ه‎ bd — +2. . 
7 i ; 
+- 4 .. ---- æa f eaa .... ‘ αυ. ++ “+ 
... * - - ^ - bos + - ; - ' 
owe عه‎ ---]- = 2 mum - - 4“ 
1 ' š 2 
I ۰ 
® - - - - -9 ++ - %-2 - - ` --- - s- ٠ A» - i 
°w... . ` 24 - - - . a 7 - -eg <= : me + 
...- - - --- - ۰ - . e E - 4 w 
+... .. » + * -+ - - +» - — 
-p =. . ae - - و = + 4 ه‎ + - - 
= “a. - , - - 


9 
yt ecc q 
> 


- 
r~ 


ΕΗ 


ΠΗ 
ü 


iM 


1 ۰ 9 - 
i = H e 
4 tje > ba - - , $ i 
+ +۱ 44 - + : 
۰ rss + i - » 5 
i$ i 
0 ++ T 4 Zee 5 
1 + ۱ 
[| 
| : 1 
' Ep -| [ | 
[.] 
Lj 
a 
L] 
SE 


i 


lad 
TEH E ELS 





Hi 
1 
| 





u 
u 





— — rr — — —— e 


ρω و‎ d - Coy 
- w — Y  ' ——— P 
> — m v 








— 


M T aswy e ¡O 3901 or oi Qet SAF 52۷095 292 =o‏ دی 


illa 


Ww‏ حلا دعل و وم ده 
E | ο | E‏ 
q agon E=‏ دب 9و F MOA‏ 
dod vp WIL pee pay‏ = 
ELE quon 30 NO m dede‏ 


ملم للدم .مسمة 


| i: 


اه هم — 4 — 


MEA 505836 — — 
" 1Nal134305° 7 aunss ad ` 


Ee ΜΝΞ TA 


--- 3 - 
= امہ‎ — 
— a 


— NES ۰ 


---- 
— 

= = +4- ee ee 

---αο]----]-»-- ἠ-- 








νης 








A 


. ٩ 
4 e 
H 








ORI 40 





- ]و‎ t Ane = ۳ Ξε pups spec a Ἴ KINO VANS. ON 
E ΙΝ, I OO te RT —— rra] £ 
۱۵9۱5 ]: 27 eben لال دمل‎ C — 
E E ΞΕ jo» — ae Pay 






4 sr SNOL ' ۱2۵ SOWA NY 
2 =a — — 
— a BAAN Kevaninos awr MUR |: 
Raum ت6۵‎ ۱1۷1 E 





N 4‏ * — م م ويسم ملسم 


- 2 






— an — 
ONS] aio 5 Nova 





Erg πο μετα 








17 É Eu — ‘SASHA 
[MOSS Naya SOMAV3N ۷ EZ LON TODO ENS 1 PESES Eee | 
a اس | س‎ Sm u | š 
: FE = = E |] 
| [E = SL aS یود‎ 55 
— E ۱ = ۱ —— EEqzz 5 A E — 





Tr الت‎ 
— — 


-— 
— | 
pe قو‎ 
سح £ سس‎ = .- 
Fah et- mana e leia ممع ماهد تس‎ 
— — — — — ii 


+p nn 
d+ y - be 
πο ο - T 
, .-. 


sa e v 
++. ۳ ο tn 
' ' . m" s 

Br 


TE^ 


5 
— — 
1 
mma ὁ - 
r 1 ° > - 1 
E - ν Se oes — —4 -لنمه هب‎ 
' 
- ° —— z + MM u 
= ' 
- 


saw *‏ س بسو — — — - - 
— ++ و : -f‏ مت te‏ 
- 


{ ' 5 8 
: : js E 
a + J= A — 


Hd 


HE 


ΠΠ 























ο ES 7 
۶ wee 4 
od 

a x 
سوه‎ L'O ao mo ES 
01ى‎ 2 59 = 232 
ος exec اله لك فك‎ IUNINON 
71۱02 ۱ 99 VIVN 0 3131001 03 
QuoH»/ 253915104 ASIMAXOH) 
SNS HANA 
بزل‎ 313135302 259055328 30 ۵ 





to- 
zo 
a O 
ο 
Q 
£ 
29 
Oh yor 
F ἡ 
° 
+ 
τη 
as 
O 4 
u Y y 
مع‎ < 
D — 0 
[τ 20 + 


PRESS 





- — —— mn nn den 
| م هم — - مد صب يدوق‎ er ——— o on 
— -- 


— 8 دوس اكد‎ - — —9 
Faw E vum 
a 


— — سم س + 


- «εν. <“. - بو‎ «° 


` 
| -e 
— — — + κ — | 


— < 
e — e 


- -— - — r —— r 
BIS κ; 


-~_ - 


4 - ۳۳۲ 
ru — P 
-e a i ----ς--- 


— 4 9 


E" | — — 

— م‎ = = 1» di: Eka. ος” Ln 

é il» 2 8 » Ὁ ang δ » - en — s= = 
` EI Wee N e : ۵ 3 


4 z _ -— — —— τ. A. s ei 
erg رل‎ a ۰ - - 


— 


اج — > Ἢ. αἱ wirna‏ -- هم ها 
— — ; 








1 


2-16 

EBENEN BEN 
o 
| no ATTE 1 eater 


`... 
— 
u © 


[xi 
بسي ۾‎ 
ع وه‎ + 
¡5.200 
مهو‎ © 
tte 


NE ERR E DTE TEL 
ΠΗ EHIE 
الا‎ GH 


E 


m di 4. 0 ote ي‎ 


— — 
er. 
xh 


- + —— 


bei- d > 

. ++. η en —t 
ri *- وس تیپ‎ 
—+— e... 
— — F— — 1-۰۰ r 

pli. ˆ 

re — eas 

<q. Los —— ° 
"Τ᾽ -r -+ — — 
do m | tot 
r + 
FITT +t — 


A IS 
dee عد‎ — += 
— 
-> * e 
er - 
* — 
‘re 
—$.7—9 


τη]: 


+ FF مىم‎ 
- + 


- -+ m- 
A 

هت اه 
— 
me‏ 


-a p - 
° — —— 


= — 1 — 


ee 


“ 
-— چ‎ 4 
— — 
E 


ερ» 


mm 
qm 


I | το. do TIN 
š 1 ۱ 7 ee 1 biti ' ب‎ š 
1 + 1 E 5 . — 3 
5 ` - *4- ' 0 ۰ --# s 8 !- . - n= 4 ۱ 1 r= 
: 1 š Pas 1 F + 1 4 ! : : 
: TCU “tt pd ; (۱ ο ο Ὃ oe IZ Et : LE 0: i 
` +) + 1 , , ٠ - 4 i E E EY i 4 ۸ 4 LS 
; ; ' ' . 2 i ; 3 : 
t 1 à! } $ + K 
1 1 - : D — — | , q 
crt! 11] 1 1 - Poti fe 4 | 1 و و وم‎ ۰ ` - ΠΠ. ° 
pr > 3 M - - η 5 B à مه‎ (1 ٩ م‎ Ub ars — 1 ۰۰4 4 » ° i tth? 5 ` - 
t : A P ` H ١ $ ۱ ۰۹ š Í 44 -$ \- ++ 4 ] š ^ n - - ^ 3 i 
E 4 3 , I ë ' : 4 M = . 1 i ; 4 f ١ [ 
8 1 ' “+ 4 ١ - a ' $.) 1 e + ps ro» f ` E ' x TE l ° 4 1 ٠ + -4 i 3 ۱ 
I - 4 ' 1 g 
. 4 ۰ : 1 lc ١ ٠ , 
M ' Σ 3 1 ' ٩ ۰ 1 m» - : $ i 
: 00 | 4 aaro 8: Hn * || 1 ل ع .| لل‎ CEL i Í ۱٩۱ pone- fh- - ال اك‎ | ٠ : 713۳ m 
j 3 | ' 4 . i i { i S 5 225 
| 3 i n 1 ‘~~ Ñ : * u > 0 . 
t a »-. ۰ ^ f ۱ y? ؛‎ ; 
— 1 ] i i I + 1 i ۱ ١ 5 
+ : 3 ` 0 0 a 
et ١ ' 
' ; , 1 ۱ 
i ` | ΠΠ 1 
Í 


e Tres o 
-—-——-Lb—-e 3 


7 
2 ! 1 
* ٠ 

كت 
وه ا πι‏ 
a š πω.‏ 
a‏ 

— — 


م Bic‏ 
=+ — - ^ 
10 : 
چ 
j‏ 
جيم ه Í‏ -— 


al 

4 
ML ~= 
A b 


E 


e 
-—— 
— 
4 
— 
e dean 
— ρ 
= 


tes 
۲ 
y fA 
FTT 
Tm 
اسب‎ 
Ë 
. ver 
` + - 


— — 
HE 


πα. 


+ — - 
a 5 
E * 


له 
مسه ۶ 
, 


" z 8 
to. — 4— 
-+ φ-- pg = ore 


ai 


ba 


τῇ 


è 
: 
94 ۰ ` 
— 
۱ ۰ ' 
= 1. T ۱ E - 
= Ë ex ` 
»ἱ ۰ 
— o da 


— 
i prp 


š 


س هك 
ἃ- -- He e‏ 
- " 
— 


font .. 
I 


‘be 
+ 


A Hi 
| Sd η, 
spur a T 
ش‎ SS x 
E Es BEE ی‎ ae eet E 
E 
i pe e — . 
i تج‎ aad n Ur ἘΠΕ ΞΕ BE He - 3 
SEE ΒΗ ee 
E Bus T pn 1 T 
Ee — HER To ΞΕ 
2 τς SERE En a 
H ο. 


— | 


τ... Li ort a ۳ 
HHIH gle EE EEE | O a TH $ un ΠΗ EEN 4 T ΞΕ ΠΕ E - == cit — 
a HT Hee eee eee ee Fee HES po HHH Negun ene a E pe S ae c — s e ΠΕ 
| Bur HHE: E x | | ΤΙ Pre 


ee es see: E ee 
ο... n eae κ. E nn i 
E pee ee | mm αρ 

E  " pu E 

το... - qM d πι uq. 

A 


3 Es | E HERE ipeo TREES CHE j 


a8 TT EEEAe"uE BE 


| El um ο E 
ام‎ ΗΕ EE EEE HEE AAA PH Le ee pue 
La en -- gu ΠΗ i 
s o x y o 
. B D mp i go gc TE i E UU DI Qu um η nn = 
- -o |. 
an ee sets du c | 


EEE eee E E HH ee Περ E Dude hue I ud 














ο οκ» a 
del M 
- - -- -- 


5 








۱ 


| a ۳ 


d E el 
ZEE 








APPENDIX C 





— — — — 


NCN-CIMENSICNAL GECMETRIC COEFFICIENTS 


"EDWARCS ACA 66 MOCIFIED IN LINVISCID FLOW 


AREA 


0022638 
e474175 
009703 
.00C004 
«006391 
۰ ۵ ب) ب)‎ ۵0 [ 
. 001301 











INN 
| | 


T | ΠΠ] 
| m [| | I | 


IN 
{ill ΠΠ] | | I! ΙΙ Ni | ll 1 ή 


M ۱ 





> 
— — 


μας... 
ED. 217 


— 


A 
— 


I 
۲ 
1 
| 


U 


ee 
EIJ 


oo”, 


-— 12 
4 


— 


m St 


AE © Zum 


— — 
5 





